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ABSTRACT
VARIETAL RESPONSE OF MAI2E (ZEA MAYS L . ) TO 
TEMPERATURES, PLANTING DATES, AND LOCATIONS
by
SUK SOON LEE
The p e r f o r m a n c e  o f  s i l a g e  c o r n  h y b r i d s  o f  v a r y i n g  
GDD r e q u i r e m e n t  was t e s t e d  a t  d i f f e r e n t  g r e e n h o u s e  t e m p e r ­
a t u r e s ,  d i f f e r e n t  p l a n t i n g  d a t e s ,  p l a n t  p o p u l a t i o n s ,  and 
l o c a t i o n s  i n  New H am psh ire  ( N .H . ) .
In  t h e  g r e e n h o u s e ,  emergence  o f  9 h y b r i d s  and  
p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  two h y b r i d s  were  t e s t e d  
a t  d a y / n i g h t  t e m p e r a t u r e s  o f  1 5 /1 0 ,  2 0 / 1 5 ,  and 2 6 / 2 1  C 
d u r i n g  1976-1977* I n  t h e  f i e l d ,  t o  d e t e r m i n e  t h e  optimum 
p l a n t i n g  d a t e ,  t h r e e  c o r n  h y b r i d s  w e re  t e s t e d  a t  f o u r  
p l a n t i n g  d a t e s ,  A p r i l  2 1 ,  May 5* May 1 9 ,  and Ju n e  2 ,  and 
a t  two p l a n t  p o p u l a t i o n s ,  62 ,7 00  and  79*700  s e e d s / h a ,  i n  
1976 a t  t h e  U n i v e r s i t y  o f  New H am psh ire  Agronomy R e s e a r c h  
Farm, Madbury, N.H.
E v a l u a t i o n  o f  h y b r i d s  f o r  t o l e r a n c e  t o  low  t e m p e r ­
a t u r e s  i n c l u d e d  20 h y b r i d s  p l a n t e d  on t h e  A p r i l  21 ( e a r l y )  
and  May 19 ( n o r m a l )  i n  1976  a t  t h e  U n i v e r s i t y  o f  New Hamp­
s h i r e  Agronomy R e se a rc h  Farm, Madbury,  N.H. Nine  h y b r i d s  
w e re  a l s o  t e s t e d  a t  f o u r  l o c a t i o n s  f r o m  n o r t h e r n  t o  s o u t h e r n  
N.H. u s i n g  recommended p l a n t i n g  d a t e s ,  p l a n t  p o p u l a t i o n s ,  
and  f e r t i l i z a t i o n  a t  e a c h  l o c a t i o n  i n  1 9 7 6 .
x
Emergence d a t a  from t h e  f i e l d  d i d  n o t  compare w i t h  
t h e  g r e e n h o u s e  r e s u l t s .  In  t h e  g r e e n h o u s e ,  t h e  p e r c e n t  
em ergence  o f  m ost  h y b r i d s  was l o w  a t  d a y / n i g h t  t e m p e r a t u r e s  
o f  1 5 /1 0  C and  d i f f e r e n c e s  i n  p e r c e n t  e m e rg e n c e  o c c u r r e d  
among h y b r i d s .  I n  t h e  f i e l d ,  w h e r e  s o i l  t e m p e r a t u r e s  
a v e r a g e d  1 0 .3  d u r i n g  t h e  e m e rg e n c e  p e r i o d  o f  t h e  e a r l i e s t  
p l a n t i n g ,  no d i f f e r e n c e s  i n  p e r c e n t  s t a n d  o c c u r r e d  among 
h y b r i d s  o r  be tw ee n  p l a n t i n g  d a t e s .
S i g n i f i c a n t  changes  o c c u r r e d  i n  t h e  c h l o r o p l a s t  
u l t r a s t r u c t u r e  o f  a  l a t e  h y b r i d ,  Agway 5 90 x ,  when grown a t  
d a y / n i g h t  t e m p e r a t u r e s  o f  1 5 /1 0  C compared t o  20 /15  C; no 
such  c h a n g e s  were o b s e r v e d  i n  c h l o r o p l a s t s  f r o m  t h e  e a r l y  
h y b r i d ,  C o r n e l l  1 1 0 ,  grown a t  e i t h e r  15/10  o r  20 /15  0. 
S e e d l i n g  g row th  o f  C o r n e l l  110 i n  th e  g r e e n h o u s e  and f i e l d  
was s u p e r i o r  t o  Agway 590x a t  s u b o p t i m a l  t e m p e r a t u r e s  b u t  
t h e  f i n a l  y i e l d  was n o t  c o r r e l a t e d  w ith  s e e d l i n g  g ro w th .  
P h o t o s y n t h e t i c  a c t i v i t y  o f  s e e d l i n g s  i n  t h e  f i e l d  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  among 20  c o m  h y b r i d s  n o r  was i t  
r e l a t e d  t o  t h e  d ry  m a t t e r  a c c u m u l a t i o n .
The e a r l i e s t  s a f e  d a t e  f o r  p l a n t i n g  c o r n  i s  7 - 1 0  
d a y s  b e f o r e  t h e  a v e r a g e  l a s t  f r o s t  d a t e .  E a r l y  p l a n t i n g  
o f  t h e  same h y b r i d s  r e s u l t e d  i n  a  h i g h e r  e a r  y i e l d ,  e a r - t o -  
t o t a l  d r y  m a t t e r  (TDM) r a t i o ,  a n d  p e r c e n t  d r y  m a t t e r  
(fo DM) a l t h o u g h  TDM was n o t  c h a n g e d .
A d i f f e r e n t i a l  y i e l d  r e s p o n s e  o f  h y b r i d s  was 
o b s e r v e d  i n  d i f f e r e n t  l o c a t i o n s .  I n  n o r t h e r n  a r e a s ,  TDM 
was n o t  r e l a t e d  t o  m a t u r i t y  o f  h y b r i d s  b u t  e a r  y i e l d
d e c r e a s e d  w i t h  d e l a y e d  m a t u r i t y  o f  h y b r i d s .  I n  c o n t r a s t ,  
i n  c e n t r a l  and  s o u t h e r n  a r e a s ,  TDM y i e l d  i n c r e a s e d  w i t h  
d e l a y e d  m a t u r i t y  o f  h y b r i d s  b u t  e a r  y i e l d  was n o t  r e l a t e d  
t o  t h e  m a t u r i t y  o f  h y b r i d s .  Ear- to-TDM r a t i o  and  % DM 
d e c r e a s e d  w i t h  d e l a y e d  m a t u r i t y  o f  h y b r i d s  a t  a l l  l o c a t i o n s .
A r e g r e s s i o n  p l o t  o f  20 c o m  h y b r i d s  and 2 p l a n t i n g  
d a t e s  showed t h a t  a  t o t a l  o f  5^3 C g ro w in g  d e g r e e  d a y s  was 
r e q u i r e d  b e tw e e n  s i l k i n g  t o  h a r v e s t  t o  a c h i e v e  t h e  optimum 
33?& DM i n  s i l a g e ,  and  a  t o t a l  o f  1 1 . 5  C was r e q u i r e d  t o  
i n c r e a s e  f> DM by  one u n i t .
At t h e  s i l k i n g  s t a g e  l e a f  a r e a  i n d e x  (LAI) o f  p l a n t s  
f r o m  May 19 p l a n t i n g  was h i g h e r  t h a n  e i t h e r  e a r l i e r  o r  
l a t e r  p l a n t i n g .  LAI i n c r e a s e d  w i t h  d e l a y e d  m a t u r i t y  o f  
h y b r i d s .
INTRODUCTION
Corn s i l a g e  i s  t h e  m o s t  p r o d u c t i v e  and  c o m p le t e  
s i n g l e  f e e d  f o r  c a t t l e  e v en  th o u g h  t h e  p r a c t i c e  o f  f e e d i n g  
a l l - c o r n  s i l a g e  on a  y e a r - r o u n d  b a s i s  h a s  n o t  b e e n  common 
(Choppock,  1 9 6 9 ) .  From i 960  t o  197^ t h e  p r o d u c t i o n  o f  c o r n  
s i l a g e  i n c r e a s e d  by 7 6 . 8$  i n  t h e  n o r t h e a s t e r n  U.S.  and  by 
6 9 . 6$ i n  t h e  USA. T h i s  r a p i d  i n c r e a s e  was p r i m a r i l y  due  t o  
t h e  h i g h e r  y i e l d  p o t e n t i a l  o f  s i l a g e  c o r n  a nd  t h e  d e v e l o p ­
ment  o f  e f f i c i e n t  h a r v e s t i n g  a nd  h a n d l i n g  eq u ip m en t  
(H og lund ,  1975)* I n  New H a m p sh i re ,  t h e  a v e r a g e  y i e l d  o f  
c o r n  s i l a g e  f rom  1970 t o  1975  was a b o u t  35*6 m e t r i c  t o n s / h a  
( 1 0 . 7  m e t r i c  t o n s / h a  o f  d r y  m a t t e r )  a s s u m i n g  70$ w a t e r  
c o n t e n t .  Such y i e l d s  a r e  s u b s t a n t i a l l y  h i g h e r  t h a n  t h o s e  
o f  o t h e r  f o r a g e  c r o p s  (5*6  m e t r i c  t o n s / h a  f o r  a l f a l f a  an d  
a l f a l f a  m i x t u r e  hay  and 3*9 m e t r i c  t o n s / h a  f o r  o t h e r  h a y )  
(USDA, 1973 and  1975)* D u r in g  t h e  abo ve  5 y e a r  p e r i o d ,  t h e  
s i l a g e  c o m  p r o d u c t i o n  i n  New H am pshire  i n c r e a s e d  by 
a p p r o x i m a t e l y  20$ p r i n c i p a l l y  due t o  an  i n c r e a s e  i n  a c r e a g e  
r a t h e r  t h a n  y i e l d  p e r  u n i t  a r e a .  B ecause  o f  t h e  h i g h  c o s t  
o f  l a n d  and m a c h in e r y ,  y i e l d  i n c r e a s e s  f rom  t h e  u se  o f  im­
p r o v e d  c o r n  h y b r i d s  and  c u l t u r a l  p r a c t i c e s  a r e  t h e  m a j o r  
a v e n u e s  f o r  f u r t h e r  im p rov em en t  i n  c o r n  s i l a g e  p r o c u c t i o n .
G e n e r a l l y ,  t h e  l o n g e r  s e a s o n  c o m  h y b r i d s  p r o d u c e  
t h e  h i g h e r  y i e l d .  However, r e l a t i v e l y  s h o r t - s e a s o n  c o r n  
h y b r i d s  a r e  grown i n  New H am psh ire  b e c a u s e  o f  i t s  l i m i t e d  
g ro w in g  s e a s o n .  D ev e lo pm en t  o f  a d a p t a b l e  h y b r i d s  t o  low
1
2t e m p e r a t u r e s  a n d  t h e  u se  o f  e f f e c t i v e  f u n g i c i d e s  f o r  s e e d  
t r e a t m e n t  make e a r l y  p l a n t i n g  o f  c o m  e c o n o m i c a l l y  
f e a s i b l e .  E a r l i e r  p l a n t i n g  a l l o w s  c o m  p l a n t s  t o  r e a c h  
t h e i r  g r a i n  f o r m a t i o n  p e r i o d  u n d e r  t h e  c o n d i t i o n s  o f  l o n g e r  
day l e n g t h  and  h i g h e r  t e m p e r a t u r e s  a s  w e l l  a s  t o  a v o i d  l a t e  
summer d r o u g h t  d u r i n g  t h e  t a s s e l i n g  p e r i o d .  S p e c i f i c  
p l a n t i n g  d a t e s  a n d  t h e  p h y s i o l o g i c a l  p e r f o r m a n c e  o f  s i l a g e  
c o m  h y b r i d s  i n  n o r t h e r n  a r e a s  a r e  n o t  w e l l  u n d e r s t o o d .
Data  f ro m  t h e  C o m  B e l t  s t a t e s  a r e  n o t  t o t a l l y  r e l e v a n t  
s i n c e  s i l a g e  c o m  h y b r i d s  may p e r f o r m  d i f f e r e n t l y  f rom 
g r a i n  c o m  h y b r i d s  s i n c e  d i f f e r e n t  p a r t s  o f  t h e  p l a n t s  a r e  
u t i l i z e d .  I n  a d d i t i o n ,  s i g n i f i c a n t  i n t e r a c t i o n s  b e tw ee n  
h y b r i d s  a n d  c l i m a t i c  c o n d i t i o n s  o t h e r  t h a n  t h o s e  f o r  w h ich  
t h e y  w e re  d e v e l o p e d .
I n  t h i s  s t u d y ,  t h e  f i e l d  p e r f o r m a n c e  o f  20 s i l a g e  
c o m  h y b r i d s  was e v a l u a t e d  i n  d i f f e r e n t  l o c a t i o n s ,  a t  
d i f f e r e n t  p l a n t i n g  d a t e s ,  and  a t  d i f f e r e n t  p l a n t  p o p u l a t i o n s  
u n d e r  New H am psh ire  c l i m a t i c  c o n d i t i o n s .  I n  t h e  g r e e n h o u s e ,  
t e m p e r a t u r e  r e s p o n s e s  o f  c o m  h y b r i d s  were  t e s t e d  i n  t e r m s  
o f  p e r c e n t  e m e rg en c e ,  u l t r a s t r u c t u r e  o f  c h l o r o p l a s t s ,  
c h l o r o p h y l l  c o n t e n t ,  p h o t o s y n t h e s i s ,  and  d r y  m a t t e r  accum­
u l a t i o n .
3REVIEW OF LITERATURE
Growth a n d  Y i e ld  Form ing  P r o c e s s e s  i n  S i l a g e  C o m
The g ro w in g  p e r i o d  o f  c o m  f ro m  p l a n t i n g  t o  
m a t u r i t y  can  be d i v i d e d  i n t o  t h r e e  s t a g e s i  p l a n t i n g  t o  
e m e rg en c e ,  em ergence  t o  s i l k i n g ,  and  s i l k i n g  t o  m a t u r i t y .
The p e r i o d  from p l a n t i n g  t o  em ergence  v a r i e s  l i t t l e  among 
h y b r i d s  b u t  i s  t e m p e r a t u r e  d e p e n d e n t .  The g ro w in g  d e g ree  
day (GDD) r e q u i r e m e n t  from p l a n t i n g  t o  em ergence  i s  a b o u t  
55 C r e g a r d l e s s  o f  w h e th e r  t h e s e  h e a t  u n i t s  a r e  a c c u m u la t e d  
i n  a  few days  o r  o v e r  a  t h r e e  week p e r i o d  ( A l d r i c h  e t  a l . ,  
1975)* However, L in d s t r o m  e t  a l .  ( 1 9 7 6 )  found  t h a t  i n  
w h ea t  t h e  r e c i p r o c a l  o f  d a y s  f rom  p l a n t i n g  t o  em erg ence  was 
l i n e a r l y  p r o p o r t i o n a l  t o  t h e  r e c i p r o c a l  o f  t h e  a b s o l u t e  
mean s o i l  t e m p e r a t u r e  d u r i n g  t h e  p e r i o d  from p l a n t i n g  to  
e m e rg e n c e .
S e v e r a l  w o r k e r s  h a v e  r e p o r t e d  t h a t  days  f rom  
em ergence  t o  s i l k i n g  v a r y  d e p e n d i n g  on t h e  s p e c i f i c  h y b r i d s ,  
e n v i r o n m e n t a l  c o n d i t i o n s  (G i lm o re  and  R o g e r s ,  1958} Cross  
and Z u b e r ,  1 9 7 2 ) ,  a nd  s o i l  n u t r i e n t  c o n d i t i o n s  ( P e a s l e e  e t  
a l . ,  1 9 7 1 ) .  However, t h e  GDD a c c u m u l a t e d  from p l a n t i n g  
o r  em ergence  t o  s i l k i n g  r e m a in e d  r e l a t i v e l y  c o n s t a n t  f o r  a  
g i v e n  h y b r i d  r e g a r d l e s s  o f  p l a n t i n g  d a t e  o r  y e a r  when GDD 
was c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n  on a  d a i l y  b a s i s  
(G i lm o re  and R o g e r s ,  1958)*
GDD (C) = I  ((Max Temp + Min Temp)/2  -  1 0 ) .
Ten d e g r e e s  c e n t i g r a d e  was s u b s t i t u t e d  f o r  th e  minimum
4t e m p e r a t u r e  when i t  f e l l  b e lo w  10 C, and  30 C was s u b s t i ­
t u t e d  f o r  t h e  maximum t e m p e r a t u r e  i f  i t  was above  30 C 
(G i lm ore  a n d  R o g e r s ,  1958)*  C r o s s  a nd  Z u b e r  (1972)  fo u n d  
t h a t  s u b t r a c t i o n  o f  e x c e s s i v e l y  h i g h  t e m p e r a t u r e s  (>30 C) 
f rom  t h e  e q u a t i o n  t o  a c c o u n t  f o r  h i g h  t e m p e r a t u r e  s t r e s s  
gave a  b e t t e r  e s t i m a t i o n  o f  s i l k i n g  d a t e  i n  M i s s o u r i  where  
t h e  maximum t e m p e r a t u r e  i s  f r e q u e n t l y  h i g h e r  t h a n  30 C.
T h i s  p e r i o d  f rom  p l a n t i n g  t o  s i l k i n g  ( r e l a t i v e  m a t u r i t y )  i s  
c l o s e l y  r e l a t e d  t o  t h e  v e g e t a t i v e  g ro w th  o f  h y b r i d s :  e a r l y  
h y b r i d s  h a v e  low v e g e t a t i v e  g row th  and  t h e  l a t e  h y b r i d s  
h av e  h i g h e r  v e g e t a t i v e  g ro w th  d u r i n g  t h i s  g row th  s t a g e  
(Hanway a n d  R u s s e l l ,  1 9 6 9 ) .
The s t a g e  from s i l k i n g  t o  m a t u r i t y  i s  a l s o  a f f e c t e d  
oy h y b r i d  c h a r a c t e r i s t i c s  an d  e n v i r o n m e n t a l  c o n d i t i o n s .  
Hanway and  R u s s e l l  ( 1 9 6 9 ) o b s e r v e d  t h a t  t h e  r a p i d  d ry  
m a t t e r  a c c u m u l a t i o n  i n  t h e  g r a i n  b e g a n  a t  a b o u t  12 d a y s  
a f t e r  s i l k i n g  i n  11 c o r n  h y b r i d s  and  t h e  r a t e  o f  d r y  
m a t t e r  a c c u m u l a t i o n  was s i m i l a r  f o r  a l l  h y b r i d s ,  y e a r s ,  and  
p l a n t  p o p u l a t i o n s  w i t h  a n  a v e r a g e  a c c u m u l a t i o n  o f  173  k g /  
h a / d a y .  However,  t h e  l e n g t h  o f  t im e  d u r i n g  w h ich  d ry  
m a t t e r  a c c u m u l a t e d  i n  t h e  g r a i n  a t  a  r a p i d  r a t e  v a r i e d  
f rom ^3 t o  60 days  d e p e n d i n g  on h y b r i d  and  y e a r .  T h i s  d i f ­
f e r e n c e  i n  t im e  p e r i o d  c l o s e l y  p a r a l l e l e d  d i f f e r e n c e s  i n  
g r a i n  y i e l d .
E ik  and  Hanway ( 1 9 6 6 ) fo u n d  t h a t  g r a i n  y i e l d  was 
d e t e r m i n e d  by  "LAI d a y s " ;  i n t e g r a l s  o f  LAI from s i l k i n g  t o  
^5  days  a f t e r  s i l k i n g .  R ag lan d  e t  a l .  ( 1 9 6 5 ) fo u n d  t h a t
5g ro w th  r a t e  o f  t h e  e a r  ( k g / d a y / p l a n t )  was s i m i l a r  when 
s i l k i n g  o c c u r r e d  b e tw ee n  J u l y  26 and S e p t .  16 i n  K e n tu ck y .  
Duncan e t  a l .  ( 1 9 6 5 ) fo u n d  t h e  grow th  r a t e  o f  c o r n  k e r n e l s  
t o  be  p o s i t i v e l y  r e l a t e d  t o  t h e  a v e r a g e  a i r  t e m p e r a t u r e  i n  
K en tu ck y  f o r  a l l  g r a i n  g ro w in g  s t a g e s .
H i l l s o n  and Penny ( 1 9 6 5 ) found  t h a t  t h e  e a r l i e s t  
h y b r i d  i n  t e r m s  o f  s i l k i n g  d a t e  r e q u i r e d  t h e  m os t  t im e  f rom 
s i l k i n g  t o  m a t u r i t y ;  t h e  l a t e s t  h y b r i d  t o  s i l k  r e q u i r e d  t h e  
s h o r t e s t  t im e  f rom  s i l k i n g  t o  m a t u r i t y .  However,  o t h e r  
r e s e a r c h e r s  h a v e  shown t h a t  days  f rom s i l k i n g  t o  m a t u r i t y  
was 50-52  d a y s  (Shaw and Thom, 1951)  a n d  60 day s  ( H a l l a u e r  
and  R u s s e l l ,  19&2) r e g a r d l e s s  o f  t h e  y e a r  o r  h y b r i d  i n  Iowa,  
The GDD a c c u m u l a t e d  d u r i n g  t h i s  g ro w in g  p e r i o d  d i f f e r s  
d e p e n d i n g  on h y b r i d ,  l o c a t i o n ,  and  y e a r  (M e dersk i  e t  a l . ,  
1 9 7 3 ) .  The abov e  d i s a g r e e m e n t  i n  c h a r a c t e r i z i n g  t h e  s i l k i n g  
t o  m a t u r i t y  p e r i o d  i n  c o m  may be a s s o c i a t e d  w i t h  t h e  d i f ­
f e r e n t i a l  r e s p o n s e  o f  t h e  h y b r i d s  t o  d i f f e r e n t  e n v i r o n m e n t s  
o r  d i f f e r e n t  c r i t e r i a  f o r  d e t e r m i n i n g  m a t u r i t y .
T h e o r e t i c a l l y ,  p h y s i o l o g i c a l  m a t u r i t y  i s  t h e  t im e  
when d ry  m a t t e r  a c c u m u l a t i o n  i n  t h e  g r a i n  r e a c h e s  i t s  p e a k .  
From a  p r a c t i c a l  s t a n d p o i n t ,  i t  i s  d i f f i c u l t  t o  d e t e r m i n e  
t h i s  s t a g e  w i t h o u t  a s u c c e s s i v e  s a m p l i n g  o f  a  l a r g e  number 
o f  p l a n t s .  Rench and Shaw (1971)  fo u n d  t h a t  peak  d ry  m a t t e r  
a c c u m u l a t i o n  i n  t h e  g r a i n  c o i n c i d e d  w i t h  b l a c k  l a y e r  fo rm a ­
t i o n  i n  t h e  k e r n e l  w h i l e  Daynard  (1 9 72 )  fo u n d  a b n o rm a l  
b l a c k  l a y e r  f o r m a t i o n  u n d e r  c o o l  t e m p e r a t u r e  c o n d i t i o n s .  
M o i s t u r e  c o n t e n t  i n  t h e  g r a i n  h a s  b e en  u s e d  a s  a n  i n d e x  o f
6m a t u r i t y  b u t  i t  v a r i e d  d e p e n d i n g  on h y b r i d  an d  y e a r  
( H a l l a u e r  a n d  R u s s e l l ,  1962; Shaw and  Thom, 1951)*
Optimum m a t u r i t y  f o r  c o m  s i l a g e  i s  e a r l i e r  t h a n  
f o r  c o m  g r a i n  and  o c c u r s  a t  a b o u t  80# o f  t h e  f i n a l  g r a i n  
y i e l d ,  3 0 - 3 5 %  d ry  m a t t e r  (DM) o r  t h e  l a t e  dough s t a g e  
(Daynard  e t  a l . ,  1974;  Buck e t  a l . ,  1 9 6 9 ) .  As t h e  c o m  
m a tu r e d ,  t h e  #  DM i n c r e a s e d  u n t i l  t h e  l a t e  dough s t a g e  and  
t h e n  l e v e l e d  o f f ,  a n d  l e a f  y i e l d  d e c r e a s e d  c o n t i n u o u s l y  from 
s i l k i n g  t o  m a t u r i t y  (Cummins a n d  Dobson, 1 9 7 3 ) -  As a  w h o le ,  
t h e  t o t a l  d r y  m a t t e r  (TDM) y i e l d  o f  c o r n  i s  h i g h e s t  when 
p l a n t s  a r e  h a r v e s t e d  a t  33% DM; a  l a t e  h a r v e s t  r e s u l t s  i n  
y i e l d  r e d u c t i o n  due t o  f i e l d  l o s s e s  ( C a l d w e l l  and  P e r r y ,  
1971; B y e r s  and  O r m is to n ,  196*0 .  T o t a l  d i g e s t i b l e  n u t r i e n t  
(TDN) o f  c o m  e a r s  i s  h i g h e r  t h a n  t h a t  o f  s t a l k s  o r  l e a v e s ;  
TDN f o r  e a r s  r a n g e d  f rom  7 0 - 8 0 # ,  f o r  s t a l k s  4 5 - 5 4 # ,  and  f o r  
l e a v e s  5 2 - 6 4 #  (Cummins and  Dobson ,  1973)* However, whole  
p l a n t  TDN was e s s e n t i a l l y  c o n s t a n t  b e tw ee n  2 4 -4 4 #  DM i n  t h e  
whole  p l a n t .  T h i s  c o n s i s t e n c y  o f  whole  p l a n t  TDN r e s u l t e d  
from c o m p e n s a to r y  c h a n g e s  i n  y i e l d  com ponen ts  ( e a r ,  s t a l k ,  
and  l e a f )  a n d  t h e i r  d i g e s t i b i l i t y .  A d e c r e a s e  i n  TDN o f  
s t o v e r  a n d  h u s k s  w i t h  d e l a y e d  h a r v e s t  was c o m p e n sa te d  by  an  
i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  g r a i n  (D aynard  and  H u n t e r ,  
1975; D a y n a rd  e t  a l . ,  1974;  Buck e t  a l . ,  1 9 6 9 ) .
M a t u r i t y  o f  s i l a g e  c o m  a s  m e a su re d  by #  DM a f f e c t s  
i t s  q u a l i t y  a s  a  d a i r y  f e e d .  M ilk  p r o d u c t i o n  i n c r e a s e d  a s  
t h e  #  DM o f  s i l a g e  i n c r e a s e d  f rom  2 5 ,5  t o  3 3 . 3 #  due t o  
i n c r e a s e d  d r y  m a t t e r  i n t a k e  by t h e  c a t t l e  (H uber  e t  a l . ,
71 9 6 5 ) .  S i l a g e  w i t h  l e s s  t h a n  30$  DM may c a u se  a  s e e p a g e  
l o s s  a n d  u n d e s i r a b l e  b u t y r i c  a c i d  f o m e n t a t i o n  d u e  t o  l a c k  
o f  r e a d i l y  a v a i l a b l e  c a r b o h y b r a t e s .  T h is  p r o b l e m  may be 
im p ro v e d  by a d d i n g  h i g h - c a r b o h y d r a t e  f e e d  m a t e r i a l s  such  a s  
c e r e a l  g r a i n s  o r  m o la s s e s  ( N o l l e r ,  1973)* I n  c o n t r a s t ,  
when s i l a g e  i s  e x c e s s i v e l y  d r y  ( 5 5 - 6 3 $  DM), TDN l e v e l s  
and  p r o d u c t i o n  o f  d e s i r a b l e  l a c t i c  a n d  a c e t i c  a c i d s  a s  
f e r m e n t a t i o n  p r o d u c t s  may be  low. L o s s e s  o f  d r y  m a t t e r  
and  m o ld in g  o f  s i l a g e  may a l s o  o c c u r  due to  i m p r o p e r  p a c k ­
i n g  a n d  s low d e c r e a s e  i n  pH o f  d ry  s i l a g e  ( M o r r i s o n ,  1973)*  
A l th o u g h  TDN i n t a k e  o f  l a t e - h a r v e s t e d  s i l a g e  w i t h  51*9# DM 
was h i g h e r  t h a n  t h a t  o f  n o r m a l  s i l a g e  w i th  31#  DM, f a t -  
c o r r e c t e d  m i l k  p r o d u c t i o n  was t h e  same be tw een  t h e  s i l a g e s  
p r o b a b l y  due t o  lo w e r  TDN o f  t h e  l a t e - h a r v e s t e d  s i l a g e  
(Marx,  1 9 6 9 ) .  Use o f  a n  a i r  t i g h t  s i l o  and f i n e  c h o p p in g  
o f  s i l a g e  may im prove  t h e  q u a l i t y  o f  e x c e s s i v e l y  d r y  s i l a g e ,  
b u t  y i e l d  l o s s e s  a r e  i n e v i t a b l e  ( B y e r s  and O r m i s t o n ,  196^} 
Gordon e t  a l . ,  1 9 6 8 ) .
Coppock ( 1 9 69 ) i n d i c a t e d  t h a t  w i th  i n c r e a s i n g  h e r d  
s i z e ,  l i m i t e d  l a n d  r e s o u r c e s ,  and  g r e a t e r  e m p h a s i s  on mech­
a n i z a t i o n ,  t h e  t r e n d  t o  i n c r e a s e d  r e l i a n c e  on c o m  s i l a g e  
i s  e x p e c t e d  t o  c o n t i n u e .  W hile  low i n  c rude  p r o t e i n ,  Ca, 
and  P f o r  g r o w in g  c a l v e s ,  t h e r e  a r e  no s p e c i f i c  n u t r i e n t  
p r o b l e m s  a s s o c i a t e d  w i t h  f e e d i n g  a l l - c o r n  s i l a g e  t o  d a i r y  
c a t t l e  a l t h o u g h  t h i s  i s  n o t  a  common p r a c t i c e  on  a  y e a r -  
ro u n d  b a s i s .  Because  o f  t h e  i n c r e a s i n g  i m p o r t a n c e  o f  c o m  
s i l a g e  a s  a  d a i r y  f e e d ,  h i g h e r  y i e l d s  and good q u a l i t y  a r e
8v e r y  i m p o r t a n t .  Q u a l i t y  o f  s i l a g e  i s  l a r g e l y  d e t e r m i n e d  
by t h e  m a t u r i t y  o f  t h e  c o r n  p l a n t ,  w h ich  i s  s i g n i f i c a n t l y  
a f f e c t e d  by c h o i c e  o f  h y b r i d  and i t s  p l a n t i n g  d a t e .  T h u s ,  
know ledge  a b o u t  t h e  h y b r i d  x p l a n t i n g  d a t e  i n t e r a c t i o n  i s  
f u n d a m e n t a l  t o  t h e  im provem en t  o f  y i e l d s  and  q u a l i t y  o f  
c o r n  s i l a g e .
P l a n t i n g  Date
Corn i s  a d a p t e d  t o  a  wide v a r i e t y  o f  c l i m a t e s  a n d  
t h e r e f o r e  t h e  p l a n t i n g  d a t e  d e p en d s  l a r g e l y  on t e m p e r a t u r e .
I n  t h e  p a s t ,  c o m  was u s u a l l y  p l a n t e d  10 -1^  d a y s  a f t e r  t h e  
l a s t  f r o s t  d a t e  due t o  t h e  i n f e c t i o n  o f  c o m  by s o i l - b o r n e  
d i s e a s e s ,  m a in ly  P y th iu m  s p p . ,  u n d e r  c o o l  s o i l  t e m p e r a t u r e  
c o n d i t i o n s  (L eo n a rd  a nd  M a r t i n ,  I 9 6 3 ) .  B r e e d i n g  new 
h y b r i d s  t o l e r a n t  t o  t h e s e  d i s e a s e s  a n d  th e  u s e  o f  e f f e c t i v e  
f u n g i c i d e s  now make e a r l y  p l a n t i n g  f e a s i b l e  ( A l d r i c h  e t  a l . ,  
1 9 7 5 ) .
When c o m  was p l a n t e d  e a r l y ,  s low  em ergence  a n d  
g ro w th  o c c u r r e d  due t o  low t e m p e r a t u r e s ,  b u t  p e r c e n t  
em ergence  re m a in e d  h i g h  i f  s e e d s  w e re  p l a n t e d  a t  a  s o i l  
d e p t h  l e s s  t h a n  7*6 cm ( A l e s s i  an d  Power,  1971 ;  Cal a n d  
O b e n d o r f ,  1 9 7 2 ) .  The f o l i a g e  o f  e a r l y - p l a n t e d  c o rn  may 
be damaged by t h e  l a t e  s p r i n g  f r o s t ,  b u t  s i n c e  th e  g r o w i n g  
p o i n t  o f  s e e d l i n g s  i s  l o c a t e d  u n d e r  t h e  g ro u n d  and t h e  m in ­
imum s o i l  t e m p e r a t u r e  i s  h i g h e r  t h a n  t h e  minimum a i r  t e m p e r a ­
t u r e ,  r a p i d  r e c o v e r y  i s  common ( A l d r i c h  e t  a l . ,  1975)*
I n  Iowa,  t h e  h i g h e s t  g r a i n  y i e l d  was o b t a i n e d  i n  an  
A p r i l  30 p l a n t i n g  a n d  g r a i n  y i e l d  d e c r e a s e d  103 k g / h a / d a y
9a s  p l a n t i n g  d a t e  was d e l a y e d  beyond  t h i s  t im e  ( P e n d l e t o n  
a nd  E g l i ,  1 9 6 9 ) .  However, when p l a n t e d  e a r l i e r  t h a n  A p r i l  
3 0 , no e x t r a  y i e l d  i n c r e a s e  o c c u r r e d  e v en  th o u g h  h i g h e r  
t e m p e r a t u r e s  a n d  a  l o n g e r  day l e n g t h  o c c u r r e d  d u r i n g  t h e  
g r a i n  f o r m a t i o n  p e r i o d  compared t o  A p r i l  30 p l a n t i n g .  
Lowered y i e l d  f rom  e x t r e m e l y  e a r l y  p l a n t i n g  was c o n s i d e r e d  
t o  he  l a r g e l y  due t o  a  s m a l l e r  LAI.
I n  M i n n e s o t a , , H ic k s  e t  a l .  ( 1976)  o b s e r v e d  a  
h i g h e r  g r a i n  y i e l d  i n  a n  e a r l y  May p l a n t i n g  compared  t o  a  
l a t e  May p l a n t i n g .  T h i s  h i g h e r  g r a i n  y i e l d  o f  t h e  e a r l y  
p l a n t i n g  p r o b a b l y  r e s u l t e d  f rom im proved  k e r n e l  w e i g h t  due 
t o  h i g h e r  t e m p e r a t u r e s  d u r i n g  t h e  g r a i n  f o r m a t i o n  p e r i o d  
compared  t o  t h e  l a t e  p l a n t i n g  (R a g la n d  e t  a l , ,  1 9 6 6 ; B e n o i t  
e t  a l . , 1 9 6 5 )•
Y i e l d  P o t e n t i a l  o f  H y b r i d s
D i f f e r e n c e s  i n  t h e  y i e l d  o f  d ry  m a t t e r  f rom  s i l a g e  
c o m  h y b r i d s  v a r y i n g  i n  m a t u r i t y  a r e  n o t  w e l l  do cu m en ted .
No s i g n i f i c a n t  y i e l d  d i f f e r e n c e s  o c c u r r e d  among t h e  20 
h y b r i d s  i n  a  1 0 - y e a r  e x p e r i m e n t  i n  n o r t h e r n  New York 
( R u t g e r ,  1 9 6 9 ) ,  among 12 h y b r i d s  grown i n  s o u t h e r n  New 
Ham psh ire  ( B r u e t s c h  and  E s t e s ,  1 9 7 6 ) ,  o r  b e tw ee n  two 
h y b r i d s  i n  G e o r g ia  (Cummins and  Dobson, 1973)* A s i g n i f ­
i c a n t l y  h i g h e r  d ry  m a t t e r  y i e l d  o f  s i l a g e  was o b t a i n e d  
w i t h  l a t e  h y b r i d s  compared  t o  e a r l y  h y b r i d s  i n  V i r g i n i a  
( B r y a n t  and  B l a s e r ,  1968 j  L u tz  and  J o n e s ,  1 9 6 9 ) a n d  i n  
N e b ra s k a  ( C o l v i l l e  e t  a l , ,  1 9 6 4 ) .
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S e e d l i n g  g ro w th  o f  e a r l y  h y b r i d s  was h i g h e r  t h a n  
t h a t  o f  l a t e r  h y b r i d s ,  e s p e c i a l l y  u n d e r  low t e m p e r a t u r e  
c o n d i t i o n s  (MacLean and  Donovan, 1973)* T h e r e f o r e ,  i n  
n o r t h e r n  a r e a s  w here  th e  g ro w in g  s e a s o n  i s  r e l a t i v e l y  c o o l  
and s h o r t ,  l a t e  m a t u r in g  h y b r i d s  may n o t  p ro d u ce  h i g h  y i e l d s  
com pared t o  e a r l i e r  h y b r i d s ,  e s p e c i a l l y  i f  p l a n t e d  l a t e .
I n  s o u t h e r n  a r e a s ,  h o w e v er ,  t h e  same l a t e  m a tu r in g  h y b r i d s  
may e x h i b i t  t h e i r  f u l l  g e n e t i c  p o t e n t i a l  f o r  y i e l d  a n d  o u t -  
y i e l d  t h e  e a r l y  h y b r i d s .
P l a n t  P o p u l a t i o n
W hile  v a r i a b l e ,  t h e  optimum p l a n t  p o p u l a t i o n  f o r  
s i l a g e  c o r n  i s  h i g h e r  t h a n  f o r  g r a i n  (M o l in e ,  19 7 5 )•  The 
optimum p l a n t  p o p u l a t i o n  f o r  s i l a g e  r a n g e d  from 6 9 ,0 0 0  to  
9 8 ,0 0 0  p l a n t s / h a  d e p e n d in g  on h y b r id  a n d  e x p e r im e n t  (B ry a n t  
and B l a s e r ,  1968; Cummins, 1970; G i e s b r e c h t ,  1969; R u tg e r  
and C row der ,  1967; S t r i v e r s  e t  a l . ,  1 9 7 1 ) .  The y i e l d  o f  
s i l a g e  i n c r e a s e d  a s  p l a n t  p o p u l a t i o n  i n c r e a s e d  up t o  t h e  
optimum l e v e l  and t h e n  l e v e l e d  o f f  w h i l e  g r a i n  y i e l d  
d e c r e a s e d  a t  p o p u l a t i o n s  h i g h e r  th a n  optimum (Termunde e t  
a l . ,  1 9 6 3 ) .
S p e c i f i c  c h a r a c t e r i s t i c s  o f  c o r n  su ch  a s  l e a f  
e r e c t n e s s  (Anonymous, 1 9 7 0 ) ,  p r e s e n c e  o r  a b se n c e  o f  l e a f  
l i g u l e s  ( P e n d le to n  e t  a l . ,  1 9 6 8 ) ,  and  c a p a c i t y  t o  u t i l i z e  
l i g h t  u n d e r  d i f f e r e n t  l i g h t  i n t e n s i t i e s  ( S t i n s o n  a n d  Moss, 
i 9 6 0 ) may g o v e rn  i t s  a d a p t a b i l i t y  t o  h i g h  p l a n t  p o p u l a t i o n s ,  
b u t  e x p e r i m e n t a l  r e s u l t s  a r e  n o t  c o n s i s t e n t .
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C o l v i l l e  e t  a l .  (1964) fo u n d  t h a t  t h e  optimum pop u ­
l a t i o n  f o r  e a r l y  h y b r i d s  ( 5 9 .3 0 0  p l a n t s / h a )  was h i g h e r  t h a n  
f o r  l a t e  h y b r i d s  ( 3 9 .5 0 0  p l a n t s / h a )  i n  g r a i n  c o r n .  L u tz  
and J o n e s  ( 1 9 6 9 ) ,  h o w e v e r ,  fo u n d  t h a t  th e  r e l a t i o n s h i p  
b e tw e e n  h y b r i d  an d  p l a n t  p o p u l a t i o n  was n o t  c o n s i s t e n t  
b e tw e e n  y e a r s ,  h y b r i d s ,  and  l o c a t i o n s .
P l a n t i n g  d a t e  a l s o  may a f f e c t  th e  c h o ic e  o f  p l a n t  
p o p u l a t i o n .  A l d r i c h  e t  a l .  (19 75 )  recommended 2 ,0 0 0 - 3 .0 0 0  
more p l a n t s / h a  w i t h  e x t r a  e a r l y  p l a n t i n g  due to  a  s l i g h t l y  
h i g h e r  s e e d l i n g  m o r t a l i t y ,  s h o r t e r  p l a n t s ,  and  im prov ed  
s o i l  m o i s t u r e .  H ow ever, A l e s s i  and  Power (1 9 7 5 )  fo u n d  no 
i n t e r a c t i o n  i n  y i e l d  b e tw een  p l a n t i n g  d a t e  an d  p o p u l a t i o n  
when c o m  was p l a n t e d  b e tw een  May 17 and  Ju n e  28 i n  th e  
N o r th e r n  P l a i n s  s t a t e s .
C h l o r o p l a s t  U l t r a s t r u c t u r e  and  P h y s i o l o g i c a l  A c t i v i t y  
u n d e r  Low T e m p e ra tu re  S t r e s s
I n  c o m  two t y p e s  o f  c h l o r o p l a s t s  d e v e lo p  i n  t h e  
m e s o p h y l l  and v a s c u l a r  b u n d le  s h e a t h  c e l l s .  M eso p h y ll  c e l l  
c h l o r o p l a s t s  c o n t a i n  g ra n a  w hich  a r e  c o n n e c te d  to  e a c h  o t h e r  
w i th  s t r o m a l  l a m e l l a e  t o  fo rm  a  c o n t in u o u s  membrane sy s te m  
( P a o l i l l o ,  1 9 7 0 ) .  B undle  s h e a t h  c e l l  c h l o r o p l a s t s  a r e  
d e v o id  o f  g r a n a  a n d  o n ly  a l a m e l l a e  s t r u c t u r e  d e v e lo p s  
a l t h o u g h  o c c a s i o n a l l y  r u d im e n ta r y  g r a n a  a r e  o b s e rv e d
(H e a th ,  1 9 6 9 ) .
The f u n c t i o n  o f  th e  abov e  c h l o r o p l a s t s  a p p a r e n t l y  
c h a n g e s  i n  th e  c o u r s e  o f  l e a f  d e v e lo p m e n t .  K i r c h a n s k i  (197 5 )
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fo u n d  t h a t  b o th  m e s o p h y l l  an d  b u n d le  s h e a t h  c e l l  c h l o r o -  
p l a s t s  w ere  m o r p h o lo g i c a l ly  i d e n t i c a l  i n  l e a f  t i s s u e  from 
u n d e r  t h e  l e a f  s h e a t h .  The young  p l a s t i d s  w ere  q u i t e  s m a l l  
and  g e n e r a l l y  th e  same s i z e  a s  m i t o c h o n d r i a .  B o th  ty p e s  
o f  c h l o r o p l a s t s  c o n t a i n e d  s t a r c h  g r a i n s  and  seem ed to  
f u n c t i o n  c h i e f l y  a s  a m y l o p l a s t s .
When r e l a t i v e l y  im m atu re  l e a v e s  were e x p o se d  t o  th e  
s u n ,  g r a n a  were fo rm ed  i n  b o t h  m e s o p h y l l  and b u n d le  s h e a th  
c e l l  c h l o r o p l a s t s  a l t h o u g h  t h e  number o f  g r a n a l  s t a c k s  i n  
th e  b u n d le  s h e a t h  c e l l  c h l o r o p l a s t s  w ere  f e w e r  t h a n  i n  th e  
m e s o p h y l l  c e l l  c h l o r o p l a s t s .  I n  m a tu re  l e a v e s ,  b o t h  ty p e s  
o f  c h l o r o p l a s t s  r e a c h e d  t h e i r  f u l l  d im e n s io n s  g r a n a  a r e  w e l l  
d e v e lo p e d  i n  th e  m e s o p h y l l  c e l l  c h l o r o p l a s t s  and  u s u a l l y  do 
n o t  c o n t a i n  s t a r c h  g r a i n s .  I n  c o n t r a s t ,  g r a n a  d i s a p p e a r e d  
and  s t a r c h  g r a i n s  fo rm ed  i n  t h e  b u n d le  s h e a t h  c e l l  c h l o r o ­
p l a s t s .  A lso ,  a  w e l l - d e v e l o p e d  p e r i p h e r a l  r e t i c u l u m  (PR) 
l y i n g  u n d e r  th e  c h l o r o p l a s t  e n v e lo p e  o c c u r r e d  i n  b o th  
t y p e s  o f  c h l o r o p l a s t s .  T h is  d e v e lo p m e n t  o f  PR, w h ic h  i s  
n o t  common i n  p l a n t s ,  c o u ld  be a s s o c i a t e d  w i t h  r a p i d  
t r a n s p o r t  o f  p h o t o s y n t h a t e s  from  m e s o p h y l l  c e l l  c h l o r o ­
p l a s t s  t o  b u n d le  s h e a t h  c e l l  c h l o r o p l a s t s  (G ra c e n  e t  a l . ,  
1 9 7 2 ) .
When c h l o r o p l a s t s  a r e  p r e p a r e d  f o r  e l e c t r o n  m ic ro ­
sc o p e  o b s e r v a t i o n ,  o s m o p h i l i c  g l o b u le s  o r  l i p i d  d r o p l e t s  
a r e  o b s e r v e d  i n  t h e  c h l o r o p l a s t s  f o l l o w i n g  osmium f i x a t i o n .  
They a r e  composed p r i m a r i l y  o f  l i p o p h i l i c  c h l o r o p l a s t  
q u in o n e s ,  a - t o c o p h e r y l q u i n o n e , and v i t a m i n  K and  fo rm
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d e n se  d e p o s i t s  l a c k i n g  a  l i m i t i n g  membrane a f t e r  osmium 
f i x a t i o n  ( A m tz e n  a n d  B r i a n t a i s ,  1975)*  T hese  g l o b u l e s  
i n c r e a s e  i n  num ber i n  d a rk -g ro w n  p l a n t s  a n d  i n  s e n e s c e n t  
l e a v e s .
Under low  t e m p e r a t u r e  c o n d i t i o n s ,  h ig h  l i g h t  
i n t e n s i t y  i s  e s p e c i a l l y  e f f e c t i v e  i n  a l t e r a t i o n  o f  c h l o r o ­
p l a s t  s t r u c t u r e .  R o b e r t s  (1 9 6 9 )  fo u n d  t h a t  a t  16 C a n d  
2 ,1 0 0  f o o t c a n d l e s  ( f c )  n o rm a l c h l o r o p l a s t s  w ere  d e v e lo p e d  
i n  a  c o m  h y b r i d ,  w h i l e  a t  16 C and  ^-,100 f c ,  no g r a n a  
were o b s e r v e d .  Norm al g r e e n i n g  d id  n o t  o c c u r  a f t e r  m oving 
th e  p l a n t s  t o  26 C. Some r e c o v e r y  from  t h e  above a l t e r a t i o n  
o f  c h l o r o p l a s t  s t r u c t u r e  was r e p o r t e d  by K le in  ( i 9 6 0 ) who 
o b s e rv e d  t h a t  th e  r i n g  sh ape  s t r u c t u r e  o f  c h l o r o p l a s t  
l a m e l l a e  from  c o m  grown a t  3 C became n o rm a l  a f t e r  t r a n s ­
f e r r i n g  t h e  p l a n t s  t o  26 C. I n  so rghum , T a y l o r  and  C r a ig  
( 1 9 7 1 ) fo u n d  t h a t  a f t e r  a  c o ld  t r e a t m e n t  o f  1 .5  d a y s  a t  
10 C, m e s o p h y l l  c e l l  c h l o r o p l a s t s  e x h i b i t e d  s w e l l i n g ,  a  
d e c r e a s e  i n  t h y l a k o i d  i n t r a s p a c e  w i d t h ,  p a r a l l e l  r u n s  o f  
t h y l a k o i d s ,  and  a  r e d u c t i o n  i n  g r a n a l  s t a c k i n g .  A f t e r  2 .5  
d a y s  a t  10 C, c h l o r o p l a s t s  o f  m e s o p h y l l  c e l l s  ro u n d e d -u p  o r  
had  p r o t u b e r a n c e s ,  and  no g r a n a  r e m a in e d .  I n  c h l o r o p l a s t s  
o f  th e  b u n d le  s h e a t h  c e l l s  s t a r c h  g r a i n s  h a d  d i s a p p e a r e d  
and i r r e g u l a r  p r o t u b e r a n c e s  d e v e lo p e d .  S w e l l in g  o f  PR was 
o b s e rv e d  i n  b o th  m e s o p h y l l  a n d  b u n d le  s h e a t h  c e l l  c h l o r o ­
p l a s t s  u n d e r  low t e m p e r a t u r e  s t r e s s .
From a  p r a c t i c a l  s t a n d p o i n t ,  t h e  r e l a t i o n s h i p  
b e tw een  m o r p h o lo g ic a l  c h a n g e s  i n  t h e  c h l o r o p l a s t  an d
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p h o t o s y n t h e t i c  a c t i v i t y  o f  t h e  p l a n t  i s  o f  fu n d a m e n ta l  
im p o r ta n c e  i n  s tu d y in g  c r o p  y i e l d s .  A l t e r a t i o n  o f  c h l o r o ­
p l a s t  s t r u c t u r e  (T a y lo r  a n d  C r a ig ,  1971)*  p h o t o d e s t r u c t i o n  
o f  c h l o r o p h y l l  b e f o r e  i t s  s t a b i l i z a t i o n  w i t h i n  th e  c h l o r o ­
p l a s t s  (M acW illiam  and N a y l o r ,  196?) a n d  r e d u c e d  p h o to ­
s y n t h e t i c  a c t i v i t y  ( T a y lo r  a n d  Rowley, 1971) w ere  o b s e rv e d  
u n d e r  low  t e m p e r a tu r e  s t r e s s  c o n d i t i o n s  a l t h o u g h  t h e i r  
i n t e r r e l a t i o n s h i p s  were n o t  docum en ted .
T a y l o r  and Rowley (1 9 7 1 )  fo u n d  t h a t  a c c l i m a t i o n  
o f  p l a n t s  t o  low t e m p e r a t u r e  do es  o c c u r  r a p i d l y .  When 
p h o t o s y n t h e s i s  was m ea su re d  a t  10 C, sorghum  w hich  had  been  
grown a t  17 C f o r  8 day s  show ed h i g h e r  CO2 f i x a t i o n  com­
p a r e d  t o  p l a n t s  grown a t  25  C. F u r th e r m o r e ,  when p l a n t s  
w ere  moved from  10 C t o  25  C, an  i n c r e a s e  i n  p h o t o s y n t h e t i c  
a c t i v i t y  o c c u r r e d  th e  n e x t  day  a l t h o u g h  c o m p le te  r e c o v e r y  
d id  n o t  o c c u r .
U nder New E n g land  g ro w in g  c o n d i t i o n s  d a i l y  tem ­
p e r a t u r e  f l u c t u a t e s  a ro u n d  10 C i n  t h e  e a r l y  s p r i n g .  Thus, 
th e  c h l o r o p h y l l  c o n t e n t ,  t h e  u l t r a s t r u c t u r e  o f  c h l o r o p l a s t s ,  
and p h o t o s y n t h e t i c  a c t i v i t y  may be c h a n g in g  c o n t i n u o u s l y  
d u r i n g  t h e  g ro w in g  s t a g e s  o f  e a r l y  p l a n t e d  c o m .  No 
s p e c i f i c  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  such  c h a n g e s ,  
t h e i r  im p o r ta n c e  to  c o m  g ro w th ,  o r  v a r i a t i o n  w hioh e x i s t s  
b e tw e e n  c o m  h y b r i d s .
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m aterials and methods
G reenho use  S tu d y
Em ergence T e s t
F o r  t h e  em ergence  t e s t ,  n i n e  h y b r i d s  o f  c o m  w ere  
p l a n t e d  i n  a n  u n s t e r i l i z e d  and  u n f e r t i l i z e d  s a n d y  loam s o i l  
on 18 Nov. 1 9 7 6 . Twenty s e e d s  w ere  p l a n t e d  a t  a  5 cm s o i l  
d e p th  i n  15 cm p l a s t i c  p o t s  and a l lo w e d  t o  g e r m in a te  a t  
d a y / n i g h t  t e m p e r a t u r e s  o f  15/ 1 0 , 20 / 1 5 , and 2 6 /2 1  G i n  t h e  
g r e e n h o u s e .  P l a n t  em ergence  was m easu red  d a i l y  u n t i l  t h e  
2 ^ th  day a f t e r  p l a n t i n g .  A c o m p le t e ly  ra n d o m ize d  b lo c k  
d e s i g n  w i th  t h r e e  r e p l i c a t i o n s  was u se d  a t  e a c h  t e m p e r a t u r e .
Growth and P h y s i o l o g i c a l  C h a r a c t e r i s t i c s
An ex panded  s t u d y  was i n i t i a t e d  on a n  e a r l y  and  
l a t e  h y b r id  t o  e v a l u a t e  t h e i r  p h y s i o l o g i c a l  r e s p o n s e s  t o  
s u b o p t im a l  t e m p e r a t u r e s .  Fou r  s e e d s  o f  two s i l a g e  c o m  
h y b r i d s ,  C o r n e l l  110 ( e a r l y )  and Agway 590X ( l a t e )  w ere  
p l a n t e d  i n  20 cm p l a s t i c  p o t s  a t  a  5 cm s o i l  d e p th  on 
2H- O c t ,  1976 a n d  th e n  a l lo w e d  t o  g e rm in a te  a t  2 6 /2 1  C 
g r e e n h o u s e .  N ine  days  a f t e r  em ergence  p l a n t s  were t h i n n e d  
t o  l e a v e  two p l a n t s  i n  e a c h  p o t  an d  th e n  a l lo w e d  to  grow a t  
d a y / n i g h t  t e m p e r a t u r e s  o f  1 5 /1 0 ,  2 0 /1 5 ,  and 2 6 /2 1  C. F o u r  
w eeks a f t e r  i n i t i a t i o n  o f  t e m p e r a t u r e  t r e a t m e n t s ,  p l a n t  
h e i g h t ,  l e a f  num ber, p h o t o s y n t h e s i s ,  c h l o r o p l a s t  u l t r a ­
s t r u c t u r e ,  c h l o r o p h y l l  c o n t e n t ,  a n d  d ry  m a t t e r  a c c u m u la t io n  
w ere  m e a su re d .
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F e r t i l i z e r  a t  a  r a t e  o f  2A 7-107-205  k g /h a  o f  N-P-K 
a n d  3 .4  m e t r i c  t o n s / h a  o f  l im e s t o n e  w ere  i n c o r p o r a t e d  w i th  
a  s team  s t e r i l i z e d  sa n d y  loam s o i l  b e f o r e  p l a c i n g  t h e  s o i l  
i n t o  th e  p o t s .  A c o m p le te ly  ra n d o m iz e d  b lo c k  d e s i g n  w i th  
f o u r  r e p l i c a t i o n s  was em ployed a t  each  t e m p e r a t u r e ;  an 
e x p e r i m e n t a l  p l o t  c o n s i s t e d  o f  t h r e e  p o t s .
F i e l d  S t u d i e s  
The f o l l o w i n g  t h r e e  f i e l d  s t u d i e s  w ere  c o n d u c te d  
a t  d i f f e r e n t  l o c a t i o n s  i n  New H am psh ire  d u r i n g  th e  1976  
g ro w in g  s e a s o n .
E x p e r im e n t  I :  E v a l u a t i o n  o f  P l a n t i n g  D ate
T h ree  s i l a g e  c o rn  h y b r i d s  w ere  p l a n t e d  on f i v e  
p l a n t i n g  d a t e s  a t  two p l a n t  p o p u l a t i o n s  i n  a  s p l i t - s p l i t  
p l o t  w i th  t h r e e  r e p l i c a t i o n s  on t h e  U n i v e r s i t y  o f  New Hamp­
s h i r e  Agronomy R e s e a rc h  Farm, M adbury, N.H. T a b le  1 g iv e s
s p e c i f i c  i n f o r m a t i o n  a b o u t  t h e  e x p e r i m e n t a l  d e s i g n  o f  
E x p e r im e n t  I .
F e r t i l i z e r  a t  a  r a t e  o f  1 1 9 -^ 9 -1 3 9  k g /h a  o f  N-P-K 
and  15 m e t r i c  t o n s / h a  o f  m anure w ere  a p p l i e d .  P h o s p h o ru s ,  
p o ta s s iu m ,  and  m anure  were a p p l i e d  i n  t h e  f a l l  o f  1975  and  
t h e  e x p e r im e n ta l  a r e a  was plowed i n  th e  s p r i n g .  N i t ro g e n  
was a p p l i e d  th e  day  b e f o r e  e a c h  p l a n t i n g  was m ade. A f t e r  
p l a n t i n g  a  m ix tu re  o f  L asso  A EC (0 .6 7 9  k g /h a )  an d  a t r a z i n e  
(0 .5 5 6  k g / h a )  was a p p l i e d  f o r  weed c o n t r o l .  The s o i l  was a
C h a r l t o n  loam  w i th  6.A?S 0M, a  P l e v e l  o f  183  ppm, K, Ca,
and  Kg l e v e l s  and  a  c a t i o n  e x ch a n g e  c a p a c i t y  o f  1 . 2 , A . 7 ,
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T a b le  1 .  P l a n t i n g  d a t e s ,  p l a n t  p o p u l a t i o n s ,  a n d  h y b r i d s  
grown a t  t h e  U n i v e r s i t y  o f  New H am psh ire  Agronomy 
R e s e a rc h  Farm , M adbury, N.H.
Main p l o t  A p r i l  21 May 5 May 19
( p l a n t i n g  d a t e )  Jun e  2 J u n e  16
S u b p lo t  76 x 21 cm ( 6 2 ,7 0 0  s e e d s / h a )
( p l a n t  p o p u l a t i o n )  76 x 1 6 .5  cm (79»700  s e e d s / h a )
S u b - s u b p lo t  C o r n e l l  110 ( e a r l y )
( h y b r i d )  W is c o n s in  335A (medium)
Agway 590X ( l a t e )
1 . 7 .  and  1 2 .6  m eg/100  g s o i l ,  r e s p e c t i v e l y ,  and  a  pH o f  5 . 9 .
Emerge .ce  o f  s e e d l i n g s ,  p e r c e n t  s t a n d ,  s i l k i n g  
d a t e ,  s o i l  t e m p e r a t u r e ,  a n d  s o i l  m o i s t u r e  were o b s e rv e d .
To e v a l u a t e  e a r l y  grow th  o f  h y b r i d s ,  d r y  w e ig h ts  o f  t h r e e  
p l a n t s  were d e te r m in e d  f ro m  e a c h  t r e a t m e n t  30 d a y s  a f t e r  
e a c h  o f  th e  r e s p e c t i v e  p l a n t i n g s .  F i n a l  h a r v e s t  was made 
on S e p t .  2^.
E x p e r im e n t  l i t  P e r fo rm a n c e  o f  H y b r id s  i n  an  E a r l y  P l a n t i n g
Twenty s i l a g e  c o m  h y b r i d s  w id e ly  grown i n  New 
H am psh ire  w ere  p l a n t e d  on A p r i l  21 a n d  May 19 i n  a  s p l i t  
p l o t  e x p e r im e n t  w i t h  t h r e e  r e p l i c a t i o n s ;  p l a n t i n g  d a te  
s e r v e d  a s  m ain p l o t  and h y b r i d s  a s  s u b p l o t s .
F e r t i l i z e r  and  h e r b i c i d e  a p p l i c a t i o n ,  s o i l  p h y s i c a l  
and  c h e m ic a l  p r o p e r t i e s ,  a n d  e x p e r i m e n t a l  o b s e r v a t i o n s  w ere  
s i m i l a r  to  t h o s e  o f  E x p e r im e n t  I .  A p l a n t  p o p u l a t i o n  o f  
6 2 ,7 0 0  s e e d s / h a  was u se d  i n  76 cm ro w s .  F i n a l  h a r v e s t  was 
made on S e p t .  1 8 .
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E x p e r im e n t  H i t  H y b r id  x L o c a t io n  I n t e r a c t i o n
N ine  h y b r i d s  w h ich  w ere  u s e d  i n  E x p e r im e n t  I I  w ere  
grown i n  W est S te w a r t s to w n  an d  G ro v e to n  (Coos c o u n ty ) ,
N orth  H a v e r h i l l  ( G r a f to n  c o u n t y ) ,  and  W estm ore land  
( C h e s h i r e  c o u n ty )  ( F i g u r e  1 ) .  The a n n u a l  g ro w in g  d e g re e  
days  (GDD) o f  t h e s e  l o c a t i o n s  v a r y  from  1 ,0 0 0  t o  1 ,3 0 0  C.
The p h y s i c a l  a n d  c h e m ic a l  p r o p e r t i e s  o f  th e  s o i l s  
a t  t h e s e  l o c a t i o n s  a r e  shown i n  T a b le  2. P l a n t i n g  an d  
h a r v e s t  d a t e s ,  p l a n t  p o p u l a t i o n ,  and  f e r t i l i z e r  a p p l i c a t i o n s  
a r e  shown i n  T ab le  3*
L a b o r a to r y  a n d  O the r  E x p e r im e n ta l  P r o c e d u r e s
T e m p e ra tu re  and  S o i l  M o is tu re  M easu rem en ts
A i r  t e m p e r a t u r e  and  r a i n f a l l  d a t a  w ere  c o l l e c t e d  on 
th e  U n i v e r s i t y  o f  New H am pshire  Agronomy R e s e a r c h  Farm, 
M adbury, N.H. t h r o u g h o u t  th e  g ro w in g  s e a s o n .
S o i l  t e m p e r a t u r e  was m ea su re d  a t  t h e  10 cm d e p th  
from  A p r i l  21 t o  Ju n e  21 a t  t h e  s i t e  o f  E x p e r im e n t  I I  by 
u s i n g  a  T a y l o r  Model ?601 two p o i n t  th e rm o g ra p h .
A v a i l a b l e  s o i l  m o is tu r e  was m ea su re d  u s i n g  
Bouyoucos gypsum b l o c k s  and a  Beckman BN-2B Bouyoueos 
m o is tu r e  m e te r ;  f i e l d  c a p a c i t y  o f  s o i l  m o i s t u r e  i s  r e p r e ­
s e n te d  a s  100#  a v a i l a b l e  m o i s tu r e  and  w i l t i n g  p o i n t  a s  20# 
a v a i l a b l e  m o i s t u r e .
1 , 1 1 0
1,220
1 ,3 3 0
Experimental locations
1. West Scewartstown, Coos county
2 .  Groveton, Coos county
3. North Haverhill, Grafton county
4. Westmoreland, Cheshire county
GDD(C) during frost free period
a. Berlin 855 
t>. Hanover 10?^
c .  K eene 1067
d .  Durham 1 1 61
F i g .  1 .  E x p e r i m e n t a l  l o c a t i o n s  a n d  i s o t h e r m a l  l i n e s  o f  a n n u a l  g ro w in g  d e g r e e  d a y s  
(GDD) i n  New H a m p s h i r e .  GDD w as c a l c u l a t e d  by  t h e  f o l l o w i n g  e q u a t i o n :  GDD(C) 
((M ax Temp + Min T em p )/2  -  1 0 ) )  (K o le g a  a n d  P a lm e r ,  1 9 6 1 ) .
Table 2. Physica l and chemical p ro p e rtie s  o f s o i l  a t  the  four research  lo ca tio n s  o f Ejqjeriment I I I .
Location S o il type pH P, ppm Kl Ca Mg CEC 0M, %
West Stewartstown Ondawa loam 5.6 127 0.79 3.2 0.53 6 .1  2.9
Groveton Groveton s i l t  loam 6.4  18 0.54 3.9 0.82 7.4 3.8
North Haverhill Hadley loam 6.0 168 0.38 4.4 0.66 9.6 3.3
Westmoreland Hadley loam 5.8 224 0.54 1.9 0.66 5.5 2 .1
1 K, Ca, Mg, and CEC, meq/100 g s o i l .
Table 3. Planting and harvest date, p lant population, and fe r t i l iz a t io n  at the ;four research
locations o f Experiment I I I .
Planting Harvest Population, 1
Location date date seeds/ha N P K Manure
West Stewartstown May 25 Oct. 5 64,200 119 30 56 heavy
Groveton May 25 Oct. 5 59,300 156 36 101 heavy
North Haverhill May 24 Sept. 30 56,800 136 30 84 heavy
Westmoreland May 21 Sept. 23 56,800 180 40 113 heavy
1 N, P, and K fe r t i l iz a t io n , kg/ha.
roo
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S o i l  A n a ly s e s
S o i l  s a m p le s  w ere  c o l l e c t e d  i n  t h e  s p r i n g  o f  1976 , 
a i r  d r i e d ,  an d  p a s s e d  t h r o u g h  a  2 mm s c r e e n  {0 .2  mm f o r  OM) 
p r i o r  t o  a n a l y s e s .
A v a i l a b l e  P was m e a su re d  by t h e  m ethod o f  O lsen  and  
Dean ( 1 9 6 5 )- C a t i o n  ex chang e  c a p a c i t y  (CEC) was d e te r m in e d  
by ammonium s a t u r a t i o n  (IN NH^OAc w i th  pH 7*0) and  s u b ­
s e q u e n t  K j e l d a h l  d i s t i l a t i o n .  L e v e ls  o f  K and  Ca w ere  
m e a s u re d  by f la m e  e m is s io n  and  Mg was m ea su re d  by  a to m ic  
a b s o r p t i o n  t e c h n i q u e s .
S o i l  pH was d e te r m in e d  on a  l i l  s o i l  t o  w a t e r  
s l u r r y  u s i n g  a  O r io n  Model 7 0 1  pH m e t e r .  S o i l  o r g a n i c  m at­
t e r  (OM) c o n t e n t  was m ea su re d  by t h e  c h ro m ic  a c i d  t e c h ­
n i q u e s  a s  d e s c r i b e d  by J a c k s o n  (1 9 5 8 ) .  S o i l  p h y s i c a l  
c o m p o s i t i o n  was a n a ly z e d  by th e  B ouyoucos m ethod (B ouyoucos, 
1 9 5 1 ) a f t e r  d i s p e r s i n g  t h e  s o i l s  w i th  s a t u r a t e d  sodium  
s i l i c a t e  and  sod ium  o x a l a t e .
L e a f  A rea  D e t e r m in a t io n
At t h e  s i l k i n g  s t a g e ,  th e  g r e e n  l e a v e s  o f  two p l a n t s  
f ro m  e a c h  p l o t  i n  E x p e r im e n t  I  and  I I  w ere  m easu red  u s i n g  a  
Lambda Model L I-3 0 0 0  l e a f  a r e a  m e te r .  LAI was c a l c u l a t e d  
by d i v i d i n g  l e a f  a r e a  o f  two p l a n t s  by  t h e  l a n d  a r e a  w hich  
t h e y  o c c u p ie d .
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C h lo r o p h y l l  A n a l y s i s
T h ree  1 cm^ l e a f  d i s k s  w ere  t a k e n  from  t h e  m id d le  
r e g i o n  o f  t h e  y o u n g e s t - m a tu r e  l e a v e s  i n  th e  g re e n h o u s e  
e x p e r im e n t  a n d  o f  th e  A p r i l  21 p l a n t i n g  i n  E x p e r im e n t  I I .  
C h l o r o p h y l l  was e x t r a c t e d  w i th  80 fo a c e to n e  a n d  a p p r o x i m a t e ly  
0 . 1  g o f  CaC03 i n  a  V i r t i s  23 h o m o g e n iz e r  (The V i r t i s  C o . ,  
G a r d in e r ,  N .Y .)  i n  a  c o l d  room. A b so rb an ce  o f  c h l o r o p h y l l  
was m easu red  a t  th e  w a v e le n g th  o f  64-5 and 663 ran i n  a 
Beckman DBG s p e c t r o p h o t o m e t e r .  C h lo r o p h y l l  c o n t e n t  was 
c a l c u l a t e d  by th e  e q u a t i o n  o f  A m on  (1 9 4 9 ) .
P h o t o s y n t h e s i s  M easurem ent
P h o t o s y n t h e s i s  o f  th e  y o u n g e s t - m a tu r e  l e a v e s  was 
m easu red  b e tw e e n  1100  an d  1300  h o u r s  on sunny d a y s  u s i n g  
1^C 02 (144 C i /4 8  l i t t e r  t a n k  a t  1410 p s i j  New E n g la n d  Nu­
c l e a r ,  B o s to n ,  M a s s . ) .  L eaves  w ere  ex p o sed  t o  1^C02 f o r  
30 s e c  a t  a  f lo w  r a t e  o f  120  m l/m in  u s i n g  a  t e c h n iq u e  
a n d  e x p o s u re  cham ber a s  d e s c r i b e d  by I n c o l l  a n d  W rig h t  
( 1 9 6 9 ) .  Im m e d ia te ly  a f t e r  1^C02 e x p o s u r e ,  a  1 cm^ l e a f  
d i s k  was p u n ched  d i r e c t l y  i n t o  a  l i q u i d  s c i n t i l l a t i o n  v i a l  
c o n t a i n i n g  1 ml o f  NCS t i s s u e  s o l u b i l i z e r  (A m e rsh a m /S e a r le  
C o r p . ,  A r l i n g t o n  H e i g h t s ,  1 1 1 . ) ,  a n d  l e f t  o v e r n i g h t .  One 
m i l l i l i t e r  o f  b e n z o y l  p e ro x id e  b l e a c h i n g  a g e n t  was t h e n  a d d ed  
(1  g o f  b e n z o y l  p e r o x id e  i n  5 ml o f  t o l u e n e ) ,  l e f t  o v e r n i g h t ,
and 15 ml of standard fluor solution was added. Activity of 
1 4 q was m ea su re d  i n  a  Model 3320 P a c k a rd  T r iC a r b  l i q u i d  
s c i n t i l l a t i o n  s p e c t r o m e t e r  f o r  1 m in . P h o t o s y n t h e t i c
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a c t i v i t y  was c a l c u l a t e d  i n  te rm s  o f  mg C C ^ /dm ^/h r .
E l e c t r o n  M ic ro sco p y
F o u r  weeks a f t e r  i n i t i a t i o n  o f  t e m p e r a t u r e  t r e a t ­
m e n ts  i n  t h e  g re e n h o u se  e x p e r im e n t ,  sa m p le s  w ere  t a k e n  from  
t h e  m id d le  r e g i o n  o f  t h e  y o u n g e s t - m a tu r e  l e a v e s  a t  0900 
h o u r .
L e a f  s e c t i o n s  1 x 5 mm were c u t  and f i x e d  i n  5^ 
g l u t e r a l d e h y d e  i n  0.1M p h o s p h a te  b u f f e r  (pH 7 . ^ )  f o r  two 
h o u r s  a t  room t e m p e r a t u r e .  S pec im ens were s u b s e q u e n t ly  
b u f f e r - w a s h e d ,  p o s t f i x e d  i n  Ifo OsO^ (0.1M c a c o d y l a t e  b u f f e r  
w i t h  pH 7 . ^ )  two h o u r s  a t  k  C, a n d  b u f f e r - w a s h e d .  S e c ­
t i o n s  w ere  s t a i n e d  i n  1 fa u r a n y l  a c e t a t e  f o r  30 m in ,  and 
d e h y d r a te d  i n  a  g rad e d  e t h a n o l  s e r i e s ,  3 5 » 7 0 , 95» 1 0 0 , 
an d  100fo f o r  15 min e a c h .  They w ere  t h e n  i n f i l t r a t e d  i n  
p r o p y le n e  o x id e  and Epon 812 a t  th e  r a t i o  o f  2 : 1 ,  1 : 1 ,  1 : 2 ,  
and  c o m p le te  r e s i n  f o r  one day i n  e a c h  m ix t u r e .  Sam ples 
w ere  embedded i n  c o m p le te  r e s i n  f o r  ?2  h o u rs  a t  60 C.
S e c t i o n s  were c u t  u s in g  a  S o r v a l  P o r t e r -B lu m  MT-1 
u l t r a m ic r o to m e  and g o ld  s e c t i o n s  ( 9 0 -1 5 0  nm t h i c k n e s s )  
were t a k e n .  S e c t i o n s  w ere  p o s t - s t a i n e d  f o r  f o u r  min i n  
s a t u r a t e d  u r a n y l  a c e t a t e ,  e i g h t  min i n  l e a d  c i t r a t e ,  and 
exam ined  w i th  a  P h i l i p s  EM-200 t r a n s m i s s i o n  e l e c t r o n  
m ic r o s c o p e .
R e l a t i v e  M a t u r i t y  (RM) C a l c u l a t i o n
F o r  r e l a t i v e  m a t u r i t y  o f  h y b r i d s ,  g ro w in g  d e g re e  d a y s  
(GDD) w ere  c a l c u l a t e d  f ro m  p l a n t i n g  t o  50^ s i l k i n g  u s i n g
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th e  e q u a t i o n  o f  G ilm ore  a n d  R ogers  (1 9 5 8 ) .
Y ie ld  D e t e r m in a t io n
A f t e r  h a r v e s t ,  t o t a l  f r e s h  w e ig h t  was m easu red  i n  
th e  f i e l d .  To d e te r m in e  p e r c e n t  d ry  m a t t e r  t h r e e  p l a n t s  
were su b sam p led  a n d  d r i e d  i n  an  oven a t  80 C. Dry m a t t e r  
p r o d u c t i o n  was d e te r m in e d  by m u l t i p l y i n g  f r e s h  w e ig h t  by 
p e r c e n t  d ry  m a t t e r  and e x p r e s s e d  a s  m e t r i c  t o n s / h a .
S t a t i s t i c a l  A n a ly s e s
E x p e r im e n ta l  d e s i g n ,  a n a l y s i s  o f  v a r i a n c e  o f  t h e  
d a t a ,  a n d  c o m p a r is o n  o f  t h e  means b e tw e e n  t r e a t m e n t s  em p loy ­
ed t h e  t e c h n i q u e s  o f  S t e e l  and  T o r r i e  ( i 9 6 0 ) .  The c o m p u te r  
f a c i l i t i e s  o f  t h e  U n i v e r s i t y  o f  New H am psh ire  w ere  u s e d  f o r  
d a t a  p r o c e s s i n g .
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RESULTS
C l i m a t o l o g i c a l  D a ta  
Mean a i r  t e m p e r a t u r e  d a t a  c o l l e c t e d  I n  1976 on th e  
U n i v e r s i t y  o f  New H am psh ire  R e s e a r c h  Farm, M adbury, N.H. 
a lo n g  w i t h  th e  mean a i r  t e m p e r a t u r e  f o r  t h e  12 y e a r  p e r i o d  
(1 9 6 5 -1 9 7 6 )  a r e  shown i n  F ig u r e  2 .  The l o n g - t e r m  a v e r a g e  
t e m p e r a t u r e  was a b o u t  10 C i n  e a r l y  May, i n c r e a s e d  d u r i n g  
May and  J u n e ,  r e m a in e d  a t  a b o u t  22 C d u r i n g  J u l y  an d  A u g u s t ,  
and  d e c r e a s e d  t o  a b o u t  13 C by t h e  end o f  S e p te m b e r .  I n  
1 9 7 6 , a i r  t e m p e r a t u r e  f l u c t u a t e d  a ro u n d  t h e  l o n g - t e r m  a v e r ­
age  b u t  was g e n e r a l l y  h i g h e r  t h a n  t h e  l o n g - t e r m  a v e r a g e  
from  May t o  e a r l y  J u l y .  From l a t e  J u l y  t o  S e p te m b e r  o f  
1 9 7 6 , a i r  t e m p e r a t u r e s  were lo w e r  t h a n  t h e  l o n g - t e r m  a v e r a g e .
The maximum and  minimum a i r  t e m p e r a t u r e s  d u r i n g  t h e  
p e r i o d  from  A p r i l  21 t o  June  21 i n  1976 a r e  shown i n  F ig u r e  
3 . G e n e r a l l y ,  t h e  maximum a i r  t e m p e r a t u r e  i n  May was h i g h ­
e r  t h a n  15 C, w h i l e  n i g h t  t e m p e r a t u r e  d ro p p e d  be low  10 C.
No s p r i n g  f r o s t  o c c u r r e d  a f t e r  l a t e  A p r i l  i n  1976 . Gen­
e r a l l y ,  t h e  minimum s o i l  t e m p e r a t u r e  was h i g h e r  t h a n  th e  
minimum a i r  t e m p e r a t u r e  d u r i n g  t h e  s p r i n g .  The h i g h l y  
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e tw een  minimum s o i l  and  
a i r  t e m p e r a t u r e  i s  shown i n  F ig u r e
R a i n f a l l  and  a v a i l a b l e  s o i l  m o is tu r e  d u r i n g  th e  
c r o p p in g  s e a s o n  o f  1976 a r e  shown i n  F ig u r e  5* S o i l  m o is ­
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P i g .  2 .  Mean a i r  t e m p e r a t u r e  a t  t h e  U n i v e r s i t y  o f  New 
H a m p sh ire  Agronomy R e s e a r c h  Farm, M adbury , N .H . Each 
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F ig .  3* D a i ly  maximum and  minimum a i r  t e m p e r a t u r e s  from  
21 A p r i l  to  21 Ju n e  1976 on t h e  U n i v e r s i t y  o f  New Hamp­









Min A i r  Temp, C
F i g .  A. R e l a t i o n s h i p  b e tw een  minimum a i r  and  s o i l  t e m p e r a t u r e s  
f ro m  21 A p r i l  t o  21 Ju n e  1976 on t h e  U n i v e r s i t y  o f  New Hamp­
s h i r e  Agronomy R e s e a rc h  Farm, M adbury, N.H. S o i l  t e m p e r a t u r e  
was m easu red  a t  t h e  10 cm s o i l  d e p th .
R a i n f a l l
3 0 -









F i g .  5 .  R a i n f a l l  a n d  a v a i l a b l e  s o i l  m o i s t u r e  d u r i n g  t h e  1976  c r o p p i n g  
s e a s o n  on t h e  UNH Agronomy R e s e a r c h  Farm , M adbury , N .H . •  r e p r e s e n t s  
p l a n t i n g  d a t e s .
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G reenh ouse  S tu d y
Em ergence T e s t
P e r c e n t  em ergence  o f  9 h y b r i d s  a t  t h r e e  g re e n h o u se  
t e m p e r a t u r e s  i s  shown i n  T a b le  4-. P e r c e n t  em ergence  o f  
Agway 393S was s i g n i f i c a n t l y  lo w e r  t h a n  o t h e r  h y b r i d s  a t  a l l  
t e m p e r a t u r e s  a l t h o u g h  no  i n d i c a t i o n  o f  a  p o o r e r  g e r m in a t io n  
p e r c e n t a g e  was e v i d e n t .  Em ergence o f  Asgrow RX-35A was 
lo w e r  t h a n  o t h e r  h y b r i d s  a t  1 5 /1 0  and  2 0 /1 5  C b u t  n o t  a t  
2 6 /2 1  C. F o r  t h e  r e m a in in g  h y b r i d s  t h e r e  w ere  no s i g n i f i ­
c a n t  d i f f e r e n c e s  i n  p e r c e n t  em ergence  a t  a l l  t e m p e r a t u r e s  
e x c e p t  th e  lo w e r  p e r c e n t  em ergence  o f  S t e w a r t  2501 a t  1 5 /
10 C.
T a b le  4 .  P e r c e n t  em ergence  o f  9 c o m  h y b r i d s  a t  t h r e e  
d a y / n i g h t  t e m p e r a t u r e s  m ea su re d  24 d a y s  a f t e r  p l a n t i n g .
H y b r id
T e m p e ra tu re ,  C
1 5 /1 0 20 /15 2 6 /2 1
C o r n e l l  110 ? 3 .3  abc 9 6 .7  a 93*3 a
S te w a r t  2501 6 3 . 3  bed 91*7 a 9 0 . 0  a
S e n e ca  140 8 1 .7  ab 9 1 .7  a 95*0 a
Asgrow RX-35A 5 5 .0  cd 8 0 . 0  b 93*3 a
W ise . 335A 75*0 abc 93*3 a 95*0 a
NK PX-446 93*3 a 9 8 .3  a 95*0 a
Agway 393S 4 8 .3  d 6 6 , 7  c 6 8 . 3  b
Agway 59OX 93*3 a 9 6 .7  a 9 1 .7  a
Old Fox 1105 8 8 . 3  a 9 8 .3  a 9 6 .7  a
Means w i t h i n  a  column f o l lo w e d  by th e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5$ l e v e l  by  D u n c a n 's  new 
m u l t i p l e  r a n g e  t e s t  (DNMRT).
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Time from  p l a n t i n g  to  80$ em ergence  o f  th e  h y b r i d s  
i s  shown i n  T a b le  5- A t  1 5 /1 0  C, f i v e  h y b r i d s  d id  n o t  
r e a c h  th e  80 $  em ergence  u n t i l  24 d a y s  a f t e r  p l a n t i n g ;  f o u r  
h y b r i d s  to o k  16 to  23 d a y s  f o r  e m e rg e n c e .  A t 2 0 /1 5  C, a l l  
h y b r i d s  to o k  10 to  13 d a y s ,  e x c e p t  f o r  Agway 393S. A t 
2 6 /2 1  C, 6 t o  7 days  w ere  r e q u i r e d  t o  a c h ie v e  80$ em er­
g e n c e  by a l l  h y b r i d s ,  e x c e p t  Agway 393S whose p e r c e n t  
em ergence  d id  n o t  r e a c h  80$  u n t i l  24 d ay s  a f t e r  p l a n t i n g .
T a b le  5* Days from  p l a n t i n g  t o  80$  em ergence  o f  9 h y b r i d s  
a t  t h r e e  d a y / n i g h t  t e m p e r a t u r e s .
H y b r id
T e m p e ra tu re ,  C
1 5 /10 2 0 /1 5 2 6 /2 1
C o r n e l l  110 10 7
S t e w a r t  2501 - 10 7
S e n e c a  140 20 10 6
Asgrow RX-35A - 13 7
W ise .  335A - 13 7
NK PX-446 16 10 7
Agway 393S - - -
Agway 59OX 19 11 7
Old Fox 1105 23 11 7
The r e a s o n  why th e  p e r c e n t  em ergence o f  Agway 393S was
lo w e r  t h a n  o t h e r  h y b r i d s  a t  a l l  t e m p e r a t u r e s  i s  unknown 
s i n c e  a l l  w ere  1976  s e e d s  w i th  g e r m i n a t i o n s  c e r t i f i e d  a t  
9 0 $  o r  g r e a t e r .
G e n e r a l l y ,  p e r c e n t  em ergence  was lo w e r  and em er­
g e n ce  sp e e d  was s lo w e r  a t  1 5 /1 0  C com pared  t o  t h a t  a t  
2 0 /1 5  o r  2 6 /2 1  G, P e r c e n t  em ergence  o f  th e  h y b r i d s  a t
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2 0 /1 5  C was s i m i l a r  t o  t h a t  a t  2 6 /2 1  C d u r i n g  t h e  2 k  day  
p e r i o d  a f t e r  p l a n t i n g  a l t h o u g h  g ro w th  a t  th e  lo w e r  tem­
p e r a t u r e  was d e la y e d  by k  t o  6 d a y s  com pared t o  t h a t  a t  
2 6 /2 1  C.
Growth and  P h y s i o l o g i c a l  C h a r a c t e r i s t i c s
The num ber o f  l e a v e s ,  p l a n t  h e i g h t ,  d r y  w e i g h t ,  
c h l o r o p h y l l  c o n t e n t ,  p h o t o s y n t h e t i c  a c t i v i t y ,  an d  N c o n ­
c e n t r a t i o n  and  c o n t e n t  o f  an  e a r l y  and  a  l a t e - m a t u r i n g  
h y b r i d  grown a t  t h r e e  t e m p e r a t u r e s  a r e  shown i n  T ab le  6 .
A t t h e  l o w e s t  t e m p e r a t u r e ,  1 5 /1 0  0 , t h e  number o f  l e a v e s ,  
p l a n t  h e i g h t ,  d r y  w e ig h t ,  and  N c o n t e n t  o f  t h e  e a r l y  
h y b r i d ,  C o r n e l l  11 0 , w ere  h i g h e r  th a n  th o s e  o f  th e  l a t e  
h y b r i d ,  Agway 590X. However, no  s i g n i f i c a n t  d i f f e r e n c e s  
o c c u r r e d  i n  c h l o r o p h y l l  c o n t e n t ,  p h o t o s y n t h e t i c  a c t i v i t y ,  
an d  N c o n c e n t r a t i o n  be tw een  t h e  two h y b r id s *  A t 2 o / l 5  C, 
p l a n t  h e i g h t  and  d ry  w e ig h t  o f  C o r n e l l  110 w ere  h i g h e r  
t h a n  t h o s e  o f  Agway 590X, b u t  p h o t o s y n t h e t i c  a c t i v i t y  
o f  Agway 590X was s i g n i f i c a n t l y  h i g h e r  th a n  t h a t  o f  C o r n e l l  
110  and  no d i f f e r e n c e s  o c c u r r e d  i n  c h l o r o p h y l l  c o n t e n t  
b e tw ee n  th e  two h y b r i d s .  A t t h e  more f a v o r a b l e  te m p e ra ­
t u r e  f o r  c o m  g ro w th ,  2 6 /2 1  C, no d i f f e r e n c e s  o c c u r r e d  
i n  any o f  th e  p h y s i o l o g i c a l  c h a r a c t e r s  be tw een  th e  two 
h y b r i d s .  A t t h e  s u b o p t im a l  t e m p e r a t u r e  th e  e a r l y  h y b r i d  
was c l e a r l y  more v ig o r o u s  t h a n  t h e  l a t e r  h y b r i d .
The i n f l u e n c e  o f  two t e m p e r a t u r e  t r e a t m e n t s  on 
t h e  u l t r a s t r u c t u r e  o f  c h l o r o p l a s t s  o f  l e a v e s  from
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Table 6. Number of leaves, plant height, dry weight, chlorophyll 
content, photosynthetic a c tiv ity , and N concentration and content 
of two corn hybrids grown at three day/night temperatures four weeks 





Cornell 110 4.5 a 5.5 a 6.7 a
Agway 590X 4.3 b 5.5 a 6.5 a
Plant height, cm
Cornell 110 35.7 a 55.7 a 69.2 a
Agway 590X 28.7 b 52.2 b 69.1 a
Dry weight, g/6 plants
Cornell 110 2.6 a 5.4 a 9.5 a
Agway 59OX 1.8 b 4.9 b 8.7 a
Total chlorophyll, mg/dm2
Cornell 110 2.5 a 2.7 a 2.9 a
Agway 590X 2.4 a 2.9 a 3.2 a
Photosynthesis, mg C02/dm2/hr
Cornell 110 11.5 a 14.5 b 19.2 a
Agway 590X 8.9 a 25.1 a 23.5 a
N, %
Cornell 110 4.0 a 3.6 a 3.5 a
Agway 590X 4*0 a 3.2 a 3.3 a
N, mg/plant
Cornell 110 17.4 a 32.0 a 55.4 a
Agway 590X 11.8 b 26.6 b 47.1 a
Means in a column for a given character followed by the same 
le tte r  are not sign ifican tly  different at the 5  ^ le v e l.
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s e e d l i n g s  o f  Agway 590X a nd  C o r n e l l  110 i s  shown i n  
F i g u r e s  6 , 7 , 8 , and 9 .  C h l o r o p l a s t  u l t r a s t r u c t u r e  o f  t h e  
l a t e r - m a t u r i n g  h y b r i d ,  Agway 590X, was s i g n i f i c a n t l y  
a l t e r e d  a t  t h e  lo w e r  d a y / n i g h t  t e m p e r a t u r e  o f  1 5 /1 0  C 
( F i g u r e  6 ) .  I n  t h e  m e s o p h y l l  c e l l  c h l o r o p l a s t s  were 
r o u n d e d - u p ,  t h e  number o f  g r a n a l  s t a c k s  and s t r o m a l  
l a m e l l a e  was s i g n i f i c a n t l y  r e d u c e d ,  and t h e  num ber  o f  osmo- 
p h i l i c  g l o b u l e s  i n c r e a s e d .  I n  t h e  b u n d le  s h e a t h  c e l l  
c h l o r o p l a s t s ,  i r r e g u l a r  p r o t u b e r a n c e s  o c c u r r e d ,  i n t e r l a -  
m e l l a r  s p a c e s  were s w e l l e d ,  and s e v e r a l  r u d i m e n t a r y  g r a n a  
w e re  formed compared t o  t h e  c h l o r o p l a s t  s t r u c t u r e  o f  Agway 
590X grown a t  2 0 /1 5  C. I n  b o t h  t h e  m e s o p h y l l  and b u n d le  
s h e a t h  c e l l  c h l o r o p l a s t s ,  t h e  p e r i p h e r a l  r e t i c u l u m  was 
s w e l l e d  and  some d i s c o n n e c t e d  l a m e l l a e  were f o u n d ,  None 
o f  t h e s e  c h l o r o p l a s t  a l t e r a t i o n s  w ere  o b s e r v e d  i n  Agway 
590X grown a t  20 /1 5  ( F i g u r e  7) o r  i n  C o r n e l l  110 grown a t  
e i t h e r  1 5 / 1 0  ( F i g u r e  8 ) o r  2 0 /1 5  C ( F i g u r e  9 )*
F i e l d  S t u d i e s
E x p e r im e n t  I i  E v a l u a t i o n  o f  P l a n t i n g  Date
Emergence d a t e ,  days  f rom p l a n t i n g  t o  em erg en ce ,  
a v e r a g e  mean s o i l  t e m p e r a t u r e ,  a nd  g rowing  d e g r e e  days  
(GDD) from p l a n t i n g  t o  emergence  f o r  f i v e  p l a n t i n g  d a t e s  
a r e  shown i n  T ab le  7 .  Days from p l a n t i n g  t o  emergence  
d e c r e a s e d  a s  p l a n t i n g  w as  d e l a y e d .  GDD c a l c u l a t e d  f rom 
a i r  t e m p e r a t u r e  was q u i t e  s i m i l a r  among p l a n t i n g  d a t e s .  
However,  s o i l  t e m p e r a t u r e s  d u r i n g  t h e  em ergence  p e r i o d  were
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Fig. 6 . Chloroplast ultrastructure o f  leaves from seed lin gs of 
Agway 590X grown at a day/night temperature of 15/10 C for four 
weeks. Magnification: x  17,500.
As Mesophyll c e ll ch loroplast; rounded shape, reduced number of granal 
stacks (G) and stromal lamellae (S L ), swelled peripheral reticulum 
(PR), some disconnected SL, and sw e lled  interlamellar spaces.
B: Bundle sheath c e l l  chloroplast; irregu lar  protuberances (PB), 
occurrence of rudimentary grana (RG), swelled PR, and swelled  
interlam ellar spaces.
CW; c e l l  w a ll, M; mitochondria, OG, osmophilic g lobu les.
Fig. 7. Chloroplast ultrastructure o f leaves from seedlings o f  
Agway 590X grown at a day/night temperature o f 20/15 C for four 
weeks. Magnification: x 17,500.
A: Mesophyll c e l l  chloroplast.
B: Bundle sheath c e l l  chloroplast.
No structural abnormalities.
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Fig. 8 . Chloroplast ultrastructure of leaves from seedlings of  
Cornell 110 grown at a day/night temperature of 15/10 C for four 
weeks. Magnification: x 17,500.
A: Mesophyll c e l l  chloroplast.
B: Bundle sheath c e l l  chloroplast.
No structural abnormalities: M; mitochondria, G; grana,
OG} osmophilic globules, CW; c e l l  w all, PRj peripheral reticulum, 
N; nucleus.
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Fig. 9. Chloroplast ultrastructure o f  leaves from seedlings o f  
Cornell 110 grown at a day/night temperature o f 20/15 C for four 
weeks. Magnification: x 17,500.
A: Mesophyll c e l l  chloroplast.
B: Bundle sheath c e l l  chloroplast.
No structural abnormalities.
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c l o s e l y  c o r r e l a t e d  t o  t h e  em erg en ce  t im es  a  r e c i p r o c a l  o f  
d a y s  t o  emergence  was l i n e a r l y  p r o p o r t i o n a l  t o  t h e  r e c i p r o ­
c a l  o f  mean s o i l  t e m p e r a t u r e  a s  e x p r e s s e d  i n  d e g r e e s  K e l v i n  
( F i g u r e  1 0 ) .
T a b le  7* E f f e c t  o f  p l a n t i n g  d a t e  on em erg en c e ,  a v e r a g e  
mean s o i l  t e m p e r a t u r e  and GDD f ro m  p l a n t i n g  t o  em ergence  
f o r  f i v e  p l a n t i n g  d a t e s .  Each f i g u r e  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  h y b r i d s .
P l a n t i n g
d a t e
Emergence
d a t e
Days t o  
em ergence
Avg mean 
s o i l  tem p,  C GDD, C
A p r i l  21 May 9 18 1 0 .3 5 4 .9
May 5 May 16 11 13 .9 6 2 . 5
May 19 May 30 11 1 4 .1 5 2 .0
Ju ne  2 Ju n e  9 7 1 9 .7 6 0 . 5
Ju ne  16 June  21 5 2 6 .4 7 0 .3
A n a l y s i s  o f  v a r i a n c e  f o r  p e r c e n t  s t a n d ,  d ry  w e i g h t  
o f  p l a n t s  30 d a y s  a f t e r  e m e rg en c e ,  t o t a l  d ry  m a t t e r  (TDM), 
s t o v e r ,  and  e a r  y i e l d ,  % d r y  m a t t e r  DM), ea r - to -T D M  r a t i o  
a t  h a r v e s t ,  and  LAI a t  s i l k i n g  a r e  shown i n  T ab le  8 . No 
s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  b e tw e e n  two p l a n t  p o p u l a ­
t i o n s  i n  a l l  c h a r a c t e r s  e x c e p t  l o w e r  % DM and  h i g h e r  LAI 
a t  t h e  h i g h e r  p l a n t  p o p u l a t i o n .  A l s o ,  no s i g n i f i c a n t  
i n t e r a c t i o n s  o c c u r r e d  w i t h  p l a n t  p o p u l a t i o n  a n d  o t h e r  
f a c t o r s .  Thus,  t h e  r e s u l t s  o f  two p l a n t  p o p u l a t i o n s  
were  a v e r a g e d  i n  a l l  c h a r a c t e r s .
P e r c e n t  s t a n d  o f  t h r e e  h y b r i d s ,  C o r n e l l  110 ( e a r l y ) ,  
W ise.  335A (m edium),  and  Agway 590X ( l a t e ) ,  a t  f o u r  d a t e s  
o f  p l a n t i n g  i s  shown i n  T a b le  9- No s i g n i f i c a n t  d i f f e r ­
e n c e s  o c c u r r e d  i n  p e r c e n t  s t a n d  among h y b r i d s .  P e r c e n t
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3.3 3 . 63-5
( 1 / S o i l  Temp) x 1 0 ^ ,  K“ l
P i g .  10.  R e l a t i o n s h i p  b e tw e e n  t h e  r e c i p r o c a l  o f  mean s o i l  
t e m p e r a t u r e  and  t h e  r e c i p r o c a l  o f  t im e  t o  em e rg en c e  f o r  
f i v e  p l a n t i n g  d a t e s .
Table 8 . Analysis o f variance for percent stand, plant dry weight 30 days a fter  emergence,
TDM y ie ld , stover y ie ld , ear y ie ld , % DM, ear-to-TDM ra tio  at harvest, and LAI at s ilk in g  o f  
Experiment I ,  UNH Agronomy Research Farm, Madbury, N.H.
Mean squares






y ie ld % DM
E ar- to -
TDM r a tio LAI
Main p lo t
R eplica t ion ,  R 2 2.5 25.7 1 .5 0.9 0.3 0.4 30.1 0 .1
P lan t in g ,  P 3 522.9* 3637.1* 3.7 4 .7 4.9 435.0** 147.0** 0 . 6*
Error 6 54.8 10.5 5.2 2.4 1 .1 7.2 4.8 0 .1
Subplot
Population, D 1 ' 9.9 0.5 2 .4 0 .1 1.5 46.1** 7.4 12.3**
P x D 3 47.3 5.8 1 .3 0 .8 0.3 5.3 4 .3 0.4
Error 8 13.7 2 0 .1 4.3 0 .8 2 .2 1.7 9.0 0 . 1
Sub-subplot
Hybrid, H 2 36.5 43.7* 102 . 0** 27.8** 21.7** 299.6** 94.6** 8.4**
H x P 6 22.5 13.8 4 .5 2.4 1.9 11.4 4.8 0 .0
H x D 2 8.5 9.2 3.9 0.4 1 .4 11.3 10.3 0 .0
H x P x D 6 43.2 10.7 4.2 0.7 1 .8 2.9 4 .0 0 .1
Error 32 30.4 9.5 2.3 1 .2 1 .1 7.6 14.6 0 . 1
1 Dry weight 30 days a fter  emergence.
* , ** S ign ifican t at the 5 and 1% le v e ls ,  resp ective ly .
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s t a n d  o f  t h e  June 2 p l a n t i n g  was  s i g n i f i c a n t l y  l o w e r  t h a n  
th e  t h r e e  e a r l i e r  p l a n t i n g s  b e c a u s e  a v a i l a b l e  s o i l  m o i s t u r e  
was e s p e c i a l l y  low d u r i n g  t h e  em ergence  p e r i o d  o f  t h i s  
p l a n t i n g  ( F i g u r e  5 ) i  no i r r i g a t i o n  w a t e r  was a p p l i e d .  
Because  o f  e x t r e m e l y  p o o r  e m e rg e n c e ,  r e s u l t s  o f  t h e  Ju n e  
16 p l a n t i n g  were e x c lu d e d  f ro m  t h e  e x p e r i m e n t .
Table 9* P e r c e n t  s t a n d  o f  t h r e e  c o rn  h y b r i d s  a t  f o u r  
p l a n t i n g  d a t e s .  Each f i g u r e  r e p r e s e n t s  t h e  a v e r a g e  o f  
two p l a n t  p o p u l a t i o n s .
Hybrid
P l a n t i n g  d a te
A verageA p r i l  21 May 5 May 19 Ju n e  2
C o r n e l l  110 8 7 . 3 8 6 .7 8 8 .9 7 7 . 1 8 5 . 0  a
Wise. 335A 8 8 .6 8 2 .0 8 5 .2 7 6 .6 8 3 . 1  a
Agway 5 9 OX 8 6 .1 8 6 . 3 85-2 7 3 .2 8 2 . 7  a
Average 8 7 . 3  A 8 5 .O A 8 6 .4  A 7 5 -6  B
A verages  o f  h y b r i d s  i n  a  co lu m n  f o l l o w e d  by t h e  same s m a l l  
l e t t e r  a n d  a v e r a g e s  o f  p l a n t i n g  d a t e s  i n  a  row f o l l o w e d  by 
th e  same l a r g e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
th e  l e v e l  by DNMRT.
The d ry  w e i g h t s  o f  p l a n t s  h a r v e s t e d  30 d a y s  a f t e r  
em ergence  f o r  f o u r  p l a n t i n g s  a r e  shown i n  T ab le  10 .  The 
a c c u m u l a t e d  GDD d u r i n g  t h e  a b o v e  30- d a y  g row th  p e r i o d  f o r  
t h e  A p r i l  21,  May 5* May 19» a n d  June 2 p l a n t i n g s  was 179* 
212, 335* and 373 0 ,  r e s p e c t i v e l y .  Growth o f  p l a n t s  d u r i n g  
th e  f i r s t  30 d a y s  a f t e r  e m e rg en c e  m a rk e d ly  i n c r e a s e d  a s  
p l a n t i n g  was d e l a y e d j  when p l a n t e d  on A p r i l  21 and  May 5 
p l a n t s  g rew  v e ry  l i t t l e  d u r i n g  t h e  f i r s t  30 days  a f t e r  
e m ergence  compared t o  t h e  two l a t e r  p l a n t i n g s .  The d r y
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T a b le  1 0 ,  Dry w e i g h t  o f  t h r e e  h y b r i d s  30 d a y s  a f t e r
em ergence  a t  f o u r  p l a n t i n g  d a t e s .  Each  f i g u r e  r e p r e s e n t s  
t h e  a v e r a g e  o f  two p l a n t  p o p u l a t i o n s .
Hybrid
Planting date
April 21 May 5 May 19 June 2 Average
g/plant
Cornell 110 1.9 5-3 2 2 . 7 35.7 1 6 . 4  a
Wise. 335A 1.9 5.5 2 0 . 2 2 9 . 0 1 4 . 2  b
Agway 590X 1 . 6 it-.o 2 0 . 0 31 .0 1*K2 a
Average 1.8 D 4 . 9  C 2 1 . 0 B 31.9 A
A v e ra g e s  o f  h y b r i d s  i n  a  column f o l l o w e d  by t h e  same s m a l l  
l e t t e r  and  a v e r a g e s  o f  p l a n t i n g  d a t e s  i n  a  row f o l l o w e d  by 
t h e  same l a r g e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5% l e v e l  by DNMRT.
w e i g h t  o f  t h e  e a r l i e s t  h y b r i d ,  C o r n e l l  110,  was h i g h e r  t h a n  
t h e  l a t e s t  h y b r i d ,  Agway 590X, a t  a l l  p l a n t i n g  d a t e s .  The 
i n t e r m e d i a t e  h y b r i d  i n  t e r m s  o f  s e a s o n a l  m a t u r i t y ,  Wise.  
335A, had  g ro w th  s i m i l a r  t o  t h e  e a r l y  h y b r i d  i n  t h e  two 
e a r l i e r  p l a n t i n g s  b u t  was s i m i l a r  t o  t h e  l a t e  h y b r i d  i n  t h e  
two l a t e r  p l a n t i n g s .
The LAI a t  s i l k i n g  f o r  each  o f  t h r e e  h y b r i d s  a t  
f o u r  p l a n t i n g  d a t e s  i s  shown i n  T a b le  1 1 .  LAI o f  t h e  
d e n se  p l a n t i n g  ( 79*700  s e e d s / h a )  was s i g n i f i c a n t l y  h i g h e r  
t h a n  t h a t  o f  n o r m a l  p l a n t  p o p u l a t i o n  ( 62 ,7 0 0  s e e d s / h a ) j  
4 . 2  v s  3 ' 4 .
I n  c o m p a r in g  p l a n t i n g  d a t e s ,  LAI o f  p l a n t s  from t h e  
May 19 p l a n t i n g  was h i g h e r  t h a n  e i t h e r  t h e  e a r l i e r  o r  l a t e r  
p l a n t i n g .  Among h y b r i d s ,  LAI i n c r e a s e d  w i t h  d e l a y e d  m a t u r i ­
t y  o f  h y b r i d s .
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T a b le  1 1 .  LAI o f  t h r e e  c o m  h y b r i d s  a t  s i l k i n g  a t  f o u r  
p l a n t i n g  d a t e s .  Each f i g u r e  r e p r e s e n t s  t h e  a v e r a g e  
o f  two p l a n t  p o p u l a t i o n s .
 P l a n t i n g  d a t e ____________
H y b r id  A p r i l  21 May 5 May 19 Ju n e  2 Average
C o r n e l l  110 3.1 3.1 3.4 3.2 3.2 c
W ise .  335A 3.6 3.8 4.2 4.1 3-9 b
Agway 59OX 4.1 4.3 4.6 3.9 4.2 a
Average 3.6 B 3.? B 4.1 A 3-7 B
A v e ra g e s  o f  h y b r i d s  i n  a  column f o l l o w e d  by t h e  same s m a l l  
l e t t e r  and  a v e r a g e s  o f  p l a n t i n g  d a t e s  i n  a  row f o l l o w e d  by 
t h e  same l a r g e  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  5% l e v e l  by DNMRT.
TDM and  e a r  y i e l d ,  % DM, and ea r - to -T D M  r a t i o  o f  
t h r e e  h y b r i d s  a t  f o u r  p l a n t i n g  d a t e s  a r e  shown i n  T a b le  12 .
No s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  i n  TDM and e a r  y i e l d  
among t h e  p l a n t i n g  d a t e s .  However, % DM and  ea r - to -T D M  
r a t i o  o f  p l a n t s  f rom  t h e  two e a r l y  p l a n t i n g s  were  h i g h e r  
t h a n  t h o s e  o f  t h e  l a t e  p l a n t i n g s .  When h y b r i d s  a r e  com pared ,  
t h e  TDK and  e a r  y i e l d s  were  h i g h e s t  w i t h  t h e  h y b r i d  Agway 
590X, and  l o w e s t  w i t h  W ise .  335A. However,  % DM and  e a r -  
to-TDM r a t i o  were d i r e c t l y  r e l a t e d  t o  e a r l i n e s s  o f  t h e  
h y b r i d s .
E x p e r im e n t  I I :  P e r f o r m a n c e  o f  H y b r i d s  i n  a n  E a r l y  P l a n t i n g
M a t u r i t y  o f  h y b r i d s  was n o t  known a t  t h e  s i t e  o f  
E x p e r im e n t  I I .  Thus ,  r e l a t i v e  m a t u r i t y  (RM) o f  t h e  20 c o m  
h y b r i d s  was computed f rom  p l a n t i n g  t o  s i l k i n g  i n  t e r m s  o f  
GDD. RM, s i l k i n g  d a t e s ,  and  GDD from s i l k i n g  t o  h a r v e s t
Table 12. TDM and ear y ie ld , % DM, and ear-to-TDM ra t io  of th ree
corn hybrids a t four p lan ting  da tes. Each figure rep resen ts the
average of two p lan t populations.
Hybrid April 21
Planting date 
May 5 May 19 June 2 Average
TDM, metric tons/ha
Cornell 110 14.3 14.1 16.0 13.4 14.5 b
Wise. 335A 13.9 12.7 13.0 13.5 13.3 c
Agway 590X 17.3 18.6 17.2 16.8 17.4 a
Average 15.1 A 15.1 A 15.7 A 14.6 A
Ear y ie ld , metric tons/ha
Cornell 110 9.0 8.9 9.3 8.0 8.8  b
Wise. 335A 8.8 8.0 7.9 7.6 8.0  c
Agway 59OX 10.2 11.1 9.4 9.0 9,9 a
Average 9.3 A 9.3 A 8.9 A 8.2 A
% DM
Cornell 110 48.7 44.3 39.2 36.8 42.2 a
Wise. 335A 47.1 43.9 36.7 34.3 40.5 b
Agway 59OX 39.2 37.7 32.5 32.3 35.4 c
Average 45.0 A 42.0 B 36.1 C 34.5 C
Ear-to-TDM ra tio , %
Cornell 110 63.3 62.2 58.2 59.5 60.8 a
Wise. 335A 63.0 62.3 57.4 56.1 59.7 a
Agway 59OX 59.1 59.8 54.6 54.1 56.9 b
Average 61.8 A 61.4 A 56.8 B 56.5 B
Averages o f hybrids in a column followed by the same small le t te r  
and averages of planting dates in a row followed by the same large 
le tter  are not s ign ifican tly  different at the 5% lev e l by DNMRT.
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a r e  shown i n  T a b le  13.  Among h y b r i d s ,  RM r a n g e d  f rom  632 
t o  783 C and  s i l k i n g  d a t e s  r a n g e d  f rom J u l y  12 t o  A u g us t  
A.
The a n a l y s i s  o f  v a r i a n c e  f o r  p e r c e n t  s t a n d ,  d r y  
w e i g h t  30 d a y s  a f t e r  e m e rg en c e ,  TDM, s t o v e r  y i e l d ,  and  e a r  
y i e l d ,  % DM, ea r - to -T D M  r a t i o  a t  h a r v e s t ,  and  LAI a t  s i l k ­
i n g  a r e  shown i n  T ab le  1 ^ ,  P l a n t i n g  d a t e  and  c h o i c e  o f  
h y b r i d  p r o d u c e d  v a r i a b l e  r e s p o n s e s  i n  t h e  o b s e r v e d  c h a r a c ­
t e r s .  Thus,  t h e y  w i l l  be p r e s e n t e d  i n  d e t a i l .
P e r c e n t  s t a n d  o f  20 c o r n  h y b r i d s  a t  two p l a n t i n g  
d a t e s  i s  shown i n  T ab le  15 .  No s i g n i f i c a n t  d i f f e r e n c e s  
o c c u r r e d  i n  p e r c e n t  s t a n d  b e tw ee n  p l a n t i n g  d a t e s  and  among 
h y b r i d s  e x c e p t  Asgrow RX-35A, S e n e c a  285 ,  and  Agway 393S 
which were  a b o u t  5 - 10$ l o w e r  t h a n  o t h e r  h y b r i d s  a t  b o t h  
p l a n t i n g  d a t e s .
To e v a l u a t e  e a r l y  g ro w th ,  t h e  d r y  w e i g h t  o f  e a c h  
h y b r i d  was d e t e r m i n e d  30 d ays  a f t e r  em ergence  f o r  each  p l a n t ­
i n g  ( T a b l e  16 and  F i g u r e  1 1 ) .  I n  t h e  A p r i l  21 p l a n t i n g ,  
two o f  t h e  e a r l i e s t  h y b r i d s ,  C o r n e l l  110 and  S t e w a r t  2 5 0 1 , 
showed h i g h e r  d r y  w e i g h t s  t h a n  t h e  o t h e r  h y b r i d s .  I n  t h e  
May 19 p l a n t i n g ,  e a r l y  g row th  was n e g a t i v e l y  c o r r e l a t e d  to  
t h e  RM o f  h y b r i d s  i n  t e r m s  o f  GDD. T e m p e r a tu r e s  were  q u i t e  
d i f f e r e n t  b e tw e e n  t h e  two p l a n t i n g s ;  a c c u m u l a t e d  GDD f o r  
t h e  f i r s t  30 d ay s  a f t e r  em ergence  was 179 C f o r  t h e  A p r i l  
21 p l a n t i n g  a nd  335 C f o r  t h e  May 19 p l a n t i n g .  P h o t o s y n ­
t h e t i c  r a t e s  among h y b r i d s  i n  t h e  f i e l d  and  t o t a l  c h l o r o ­
p h y l l  c o n t e n t s  o f  t h e  y o u n g e s t - m a t u r e  l e a v e s  3 °  d a y s  a f t e r
Table 13. Relative maturity (RM), silk in g  date, and GDD from 
silk in g  to  harvest of 20 corn hybrids at two planting dates 










Cornell 110 632 7/12 7/18 652 586
Cornell 103 644 7/13 7/19 642 574
Stewart 2501 645 7/12 7/20 652 560
Seneca 140 648 7/14 7/19 633 574
Minhybrid 806 650 7/13 7/20 642 560
Old Fox 905 656 7/13 7/21 642 549
Funk 5048 666 7/15 7/21 621 549
Asgrow RX-29 671 7/15 7/22 621 540
Asgrow RX-35A 671 7/15 7/22 621 540
Dekalb XL-12 674 7/15 7/23 621 533
Wise, 335A 701 7/17 7/26 596 505
NK PX-446 712 7/19 7/26 574 505
Seneca 285 712 7/19 7/26 574 505
Agway 393S 725 7/20 7/27 560 492
NK PX-32 731 7/21 7/27 549 492
Dekalb XL-43 731 7/20 7/28 560 481
Agway 595S 731 7/20 7/28 560 481
Agway 59OX 741 7/21 7/29 549 472
Old Fox 1105 769 7/26 8/1 505 452
Dekalb XL-640 783 7/27 8/4 492 428
1 Relative maturity from planting to  silk in g  as the average of 
two planting dates,
2 Planting dates.
3 GDD from silk in g  to harvest.
Table 14. Analysis o f  variance for percent stand, plant dry weight 30 days a fter  emergence, 
TDM y ie ld , stover y ie ld , ear y ie ld , % DM, ear-to-TDM r a tio  at harvest, and LAI at s ilk in g  of  
Experiment I I ,  UNH Agronomy Research Farm, Madbury, N.H.
Mean squares






y ie ld % DM
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1 Dry weight 30 days a fter  emergence.
* , ** S ign ifican t at the 5 and 1% le v e ls ,  resp ective ly .
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Table 15 . Percent stand  of 20 corn hybrids a t two p lan ting  d a te s .
Hybrid
Planting date 
April 21 May 19 Average
Cornell 110 95.5 87.9 91,7 abc
Cornell 103 95.5 95.5 95.5 a
Stewart 2501 95.5 86.4 90.9 abc
Seneca 140 94,0 86.4 90.2 abc
Minhybrid 806 89.4 92.4 90.9 abc
Old Fox 905 93.9 93.9 93.9 ab
Funk 5048 95.5 86.4 90,9 abc
Asgrow »X-29 92.5 94.0 93.2 ab
Asgrow RX-35A 80.3 87.9 84.1 cd
Dekalb XL-12 97.0 95.5 96.2 a
Wise. 335A 95.5 92.4 94.0 ab
NK PX-446 94.0 94.0 94.0 ab
Seneca 285 78.8 81.8 80.3 d
Agway 393S 87.9 84.9 86.4 bed
NK PX-32 95.5 90.9 93.2 ab
Dekalb XL-43 92.4 95.5 94.0 ab
Agway 595S 95.5 92.5 93.2 ab
Agway 590X 92.5 92.4 92.5 ab
Old Fox 1105 89.4 94.0 91.7 abc
Dekalb XL-640 92.4 94.0 93.2 ab
Average 92.1 A 90.8 A
Averages of hybrids in  a column followed by the same sm all l e t t e r
and averages of p lan tin g  dates in a row followed by the same la rg e
l e t t e r  a re  not s ig n if ic a n tly  d iffe re n t a t the 5% le v e l  by DNMRT.
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Table 16. Dry weight of 20 corn hybrids 30 days a fte r  emergence
a t  two p lan ting  da tes. Four p lan ts  were sampled in each p lo t .
Planting date
Hybrid April 21 May 19
g/plant
Cornell 110 2.2 a 25.2 ab
Cornell 103 1 .6 be 27.9 a
Stewart 2501 1.9 b 19.4 cde
Seneca 140 1 .0 e f 25.0 ab
Minhybrid 806 1.4 cde 23.2 be
Old Fox 905 1.4 cde 19.2 cde
Funk 5048 1 .0 e f 18.2 cde
Asgrow RX-29 1.3 cde 19.4 cde
Asgrow RX-35A 1.5 bed 21.2 cde
Dekalb XL-12 1.2 def 18.5 cde
Wise. 335A 1.2 def 22.7 be
NK PX-446 1.3 cde 16.4 def
Seneca 285 0.8 f 13.0 f
Agway 393S 1.3 cde 15.7 e f
NK PX-32 1.3 cde 21.2 bed
Dekalb XL-43 1.4 cde 19.2 cde
Agway 595S 1 .1 e f 16.4 def
Agway 590X 1.2 def 17.0 def
Old Fox 1105 1.3 cde 16.4 def
Dekalb XL-640 1 .2 def 17.4 def
Means in  a column followed by the same le tte r  are not 
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•  •  A p r i l  21 p l a n t i n g  
n s
600 700 800 
RM o f  H y b r i d s ( GDD) ,  C
F i g .  1 1 .  R e l a t i o n s h i p s  b e tw e e n  r e l a t i v e  m a t u r i t y ( R M )  o f  
20 c o m  h y b r i d s  and  s h o o t  w e i g h t  30 d a y s  a f t e r  em ergence  
a t  two p l a n t i n g  d a t e s .
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em ergence  o f  t h e  A p r i l  21 p l a n t i n g  w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  ( T a b le  1 7 ) .
TDM, a n d  e a r  y i e l d ,  e a r - to -T D M  r a t i o ,  a n d  fo DM a t  
f a l l  h a r v e s t  a r e  shown i n  T a b l e s  1 8 ,  1 9 ,  20 ,  a n d  21 ,  r e s p e c ­
t i v e l y .  D ate  o f  p l a n t i n g  a f f e c t e d  TDM a n d  e a r  y i e l d  d i f f e r ­
e n t l y .  TDM was s i m i l a r  b e tw e e n  p l a n t i n g  d a t e s ,  b u t  e a r  
y i e l d  was h i g h e r  i n  t h e  A p r i l  21 p l a n t i n g  compared  t o  t h e  
May 19 p l a n t i n g .  Such r e s u l t s  i n d i c a t e  t h a t  t h e  r e l a t i v e  
y i e l d  o f  s t o v e r  was l o w e r  i n  t h e  A p r i l  21 p l a n t i n g  compared  
t o  May 19 p l a n t i n g  g i v i n g  a  h i g h e r  ea r - to -T D M  r a t i o  i n  
t h e  e a r l i e r  p l a n t i n g .
B ecause  no s i g n i f i c a n t  i n t e r a c t i o n s  e x i s t e d  b e tw e e n  
h y b r i d  and  p l a n t i n g  d a t e  f o r  a l l  c h a r a c t e r s ,  t h e  two 
p l a n t i n g  d a t e s  were  a v e r a g e d .  The r e l a t i o n s h i p s  b e tw een  
RM o f  h y b r i d s  a n d  TDM, e a r  y i e l d ,  e a r - to -T D M  r a t i o ,  a n d  
DM a r e  shown i n  F i g u r e  1 2 .  Y i e l d s  o f  TDM w ere  d i r e c t l y  
r e l a t e d  t o  t h e  m a t u r i t y  o f  t h e  h y b r i d s ,  w h i l e  e a r  y i e l d  
was n o t  a s s o c i a t e d  w i t h  t h e  m a t u r i t y  o f  h y b r i d s .  E a r - t o -  
TDM r a t i o  and fo DM d e c r e a s e d  w i th  d e l a y e d  m a t u r i t y  o f  
h y b r i d s .
The relationship between GDD accumulated from silk­
ing to harvest for each hybrid and fo DM at harvest is 
shown in Figure 13* A total of 538 C GDD is required to 
obtain the optimum of 33# DM for good quality silage. 
According to the regression equation in Figure 1 3 , a GDD 
of about 11.5 C is required to increase the DM by one unit. 
During late September the accumulated GDD in one day ranges
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Table 17. Photosynthesis and to ta l chlorophyll content of 20 corn 
hybrids 30 days after emergence at the April 21 planting.
Hybrid Photosynthesis Chlorophyll
2
mg C02 /dm /hr mg/dm2
Cornell 110 51.4 ns 4 .3  ns
Cornell 103 47.3 4 .7
Stewart 2501 49.1 3.7
Seneca 140 41.2 4 .3
Minhybrid 806 48.4 3.6
Old Fox 905 41.7 4 .4
Funk 5048 39.8 3.5
Asgrow RX-29 46.5 3.5
Asgrow RX-35A 48.9 4 .1
Dekalb XL-12 55.6 4 .4
Wise. 335A 55.7 4 .4
NK PX-446 45.8 4.2
Seneca 285 41.1 3.8
Agway 393S 44.1 3.9
NK PX-32 42.5 4.2
Dekalb XL-43 48.0 3.8
Agway 595S 51.1 4.3
Agway 590X 56.8 4.1
Old Fox 1105 43.8 4 .0
Dekalb XL-640 45.8 4.2
CV, % 18.0 11.9
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Table 18. Total dry matter (TDM) y ield  o f 20 corn hybrids at 
two p lanting dates.
Hybrid
Planting date 
A pril 21 May 19 Average
metric tons/ha
Cornell 110 14 .3 15.1 14.7 def
Cornell 103 15.2 14.9 15.1 def
Stewart 2501 14 .3 16.0 15.2 def
Seneca 140 16 .3 15.5 15.9 def
Minhybrid 806 15 .3 15.7 15.6 cdef
Old Fox 905 15.2 14.9 15.1 def
Funk 5048 15 .4 14.6 15.0 def
Asgrow RX-29 17.0 13.4 15.2 def
Asgrow RX-35A 14.5 14.0 14.3 e f
Dekalb XL-12 16 .5 16.0 16,3 cde
Wise. 335A 1 2 .6 14.4 13.5 f
NK PX-446 16 .5 14.5 15.5 cdef
Seneca 285 14 .4 14.8 14.6 def
Agway 393S 16.5 17.1 16.8 cd
NK PX-32 20.4 18.9 19.7 ab
Dekalb XL—43 16.8 18.0 17.4 c
Agway 595S 18.9 16.9 17.9 be
Agway 590X 17.5 16.4 17.0 cd
Old Fox 1105 2 0 .0 19.1 19.6 ab
Dekalb XL-640 20.9 19.6 20.3 a
Average 16 .4  A 16.0 A
Averages o f  hybrids in  a column followed by the  same sm all l e t t e r
and averages o f p lanting  dates in a row followed by the same large
le t te r  a re  not s ig n if ic a n tly  d iffe re n t a t  the  5% lev e l by DNMRT.
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Table 19. Ear y ie ld  of 20 corn hybrids a t  two planting d a te s .
Hybrid
Planting date 
April 21 May 19 Average
metric tons/ha
Cornell 110 8.4 8.9 8.7 ns
Cornell 103 9.9 9.0 9.5
Stewart 2501 9.1 9.4 9.2
Seneca 140 10.6 9.0 9.8
Minhybrid 806 9.4 9.6 9.5
Old Fox 905 9.3 8.5 8.9
Funk 5048 8.2 8.0 8.1
Asgrow RX-29 10.4 7.5 9.0
Asgrow RX-35A 8.6 8.1 8.3
Dekalb XL-12 10.2 9.0 9.6
Wise. 335A 7.5 7.7 7.6
NK PX-446 9.5 8.2 8.9
Seneca 285 8 .1 7.9 8.0
Agway 393S 9.4 8.6 9.0
NK PX-32 10.9 8.9 9.9
Dekalb XL-43 9.4 9.0 9.2
Agway 595S 10.9 8.9 9.9
Agway 590X 10.3 8.6 9.5
Old Fox 1105 10.7 7.9 9.3
Dekalb XL-640 9.1 7.3 8.2
Average 9.5 A 8.5 B
Averages of planting dates in a row followed by the same large  
le t te r  are not sign ifican tly  different at the 5% leve l.
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Table 20. Ear-to-TDM ra t io  o f  20 corn hybrids a t  two p lan tin g  da tes.
Planting date
Hybrid April 21 May 19 Average
Cornell 110
<v /0
58.7 59.1 59.0 abc
Cornell 103 65.5 60.4 63.0 a
Stewart 2SOI 63.3 58.5 60.9 abc
Seneca 140 64.6 58.1 61.4 ab
Minhybrid 806 60.5 61.1 60.8 abc
Old Fox 905 61.2 56.9 59.1 abc
Funk 5048 53.4 55.3 54.4 def
Asgrow RX-29 61.5 55.6 58.6 abed
Asgrow RX-35A 59.1 57.8 58.5 abed
Dekalb XL-12 61.3 56.2 58.8 abed
Wise. 335A 60.1 54.0 57.1 bede
NK PX-446 57.7 56.7 57.2 bede
Seneca 285 56.4 53.6 55.0 def
Agway 393S 57.2 50.3 53.8 def
NK PX-32 53.8 47.1 50.5 H
Dekalb XL-43 56.0 49.7 52.9 e f
Agway 595S 57.5 52.6 55.1 def
Agway 590X 58.7 52.7 55.8 cde
Old Fox 1105 53,4 41.6 47.5 g
Dekalb XL-640 43.8 37.4 40.6 h
Average 58.2 A 53.8 A
Averages o f hybrids in  a column followed by the same sm all l e t t e r
and averages of p lan ting  dates in  a row followed by the same large
l e t t e r  are not s ig n if ic a n tly  d iffe re n t a t  the 5% le v e l by DNMRT.
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Table 21. Percent dry matter (% DM) of 20 corn hybrids a t  two






Cornell 110 39.4 36.5 38.0 bed
Cornell 103 41.1 38.6 39.9 be
Stewart 2501 52.1 37.1 44.6 a
Seneca 140 41.7 37.9 39.9 be
Minhybrid 806 46.9 37.0 42.0 ab
Old Fox 905 38.3 34.0 36.3 cdef
Funk 5048 41.4 34.4 37.9 cd
Asgrow RX-29 41.2 34.4 37.8 cde
Asgrow RX-35A 38.9 32.0 35.5 def
Dekalb XL-12 37.1 32.1 34.6 defg
Wise, 335A 35,7 31.0 33.4 efgh
NK PX-446 36.7 29.4 33.1 efghi
Seneca 285 31.6 29.2 30.4 h ij
Agway 393S 34.4 30.5 32.5 efgh i
NK PX-32 33.1 29.1 31.2 fghi
Dekalb XL-43 30.5 28.1 29.3 i j
Agway 595S 35.2 29.0 32.1 fghi
Agway 590X 33.6 28.3 31.0 ghi
Old Fox 1105 29.7 25.1 27.5 3
Dekalb XL-640 27.9 25.3 26.7 j
Average 37.4 A 32.0 B
Averages o f hybrids in  a column followed by th e  same sm all l e t t e r
and averages of p lan tin g  dates in  a row followed by the same large
l e t t e r  are not s ig n if ic a n tly  d if fe re n t a t the  5% lev e l by DNMRT.
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f rom  3 - 5  C ( F i g u r e  1 ) .  Thus,  2-l±  d a y s  a r e  r e q u i r e d  t o  
i n c r e a s e  t h e  # DM b y  one u n i t .  The a v e r a g e  f i r s t  f a l l  
f r o s t  d a t e  i n  Durham, N.H. i s  S e p t e m b e r  26 .  A c c o r d i n g  t o  
t h e  1 2 - y e a r  t e m p e r a t u r e  d a t a  c o m  s h o u l d  s i l k  by J u l y  27 t o  
a c h i e v e  33?^ DM a t  t h i s  l o c a t i o n .
The r e l a t i o n s h i p  b e tw ee n  fo DM a n d  ea r - to -T D M  r a t i o  
o f  e ac h  o f  t h e  20 c o m  h y b r i d s  i s  shown i n  F i g u r e  1 ^ .  The 
ea r - to -T D M  r a t i o  d e c r e a s e d  w i t h  d e c r e a s i n g  % DM o f  h y b r i d s  
a t  a  r e l a t i v e l y  s l o w  r a t e  u n t i l  a p p r o x i m a t e l y  30  % DM, 
a f t e r  w h ic h  t h e  r a t i o  r a p i d l y  d e c r e a s e d .
D a te  o f  p l a n t i n g  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
f a l l  y i e l d  o f  s t o v e r  o r  th e  LAI a t  t h e  s i l k i n g  s t a g e .  Both
th e  s t o v e r  y i e l d  a n d  LAI i n c r e a s e d  w i t h  d e la y e d  m a t u r i t y
o f  20 c o m  h y b r i d s  ( F i g u r e s  15 a n d  1 6 ) .
E x p e r im e n t  I I I »  H y b r i d  x L o c a t i o n  I n t e r a c t i o n
A combined a n a l y s i s  was em ployed  t o  a n a l y z e  d a t a  
f rom f o u r  l o c a t i o n s  s i n c e  i t  was a c c e p t e d  by C o c h r a n ' s  
n o r m a l i t y  t e s t  ( B a r t l e t t ,  1937)* The r e s u l t s  a r e  shown i n  
T ab le  2 2 .  S in ce  l o c a t i o n ,  h y b r i d ,  a n d  t h e i r  i n t e r a c t i o n  
were s i g n i f i c a n t  f o r  a l l  c h a r a c t e r s ,  h y b r i d s  w e re  compared 
f o r  e a c h  s p e c i f i c  l o c a t i o n .  B e c a u se  t h e  r e l a t i o n s h i p  be­
tween m a t u r i t y  o f  h y b r i d s  and  p l a n t  p r o d u c t i v i t y  was 
c o n s i d e r e d  more r e l e v a n t  t h a n  t h e  r e s p o n s e  o f  i n d i v i d u a l  
h y b r i d s  a t  d i f f e r e n t  l o c a t i o n s ,  t h e s e  d a t a  a r e  p r e s e n t e d  i n  
F i g u r e  1 7 .
Growing c o n d i t i o n s  i n  t e r m s  o f  GDD r a n g e d  f rom  

















RM of  H y b r i d s  (GDD), C
P i g .  1 5 .  R e l a t i o n s h i p  b e t w e e n  RM o f  2 0  c o r n  h y b r i d s  a n d  
s t o v e r  y i e l d .  Each d a t a  p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  
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RM o f  H y b r i d s  (GDD), C
F i g .  16 .  R e l a t i o n s h i p  b e t w e e n  RM o f  2 0  c o r n  h y b r i d s  a n d  
LAI a t  t h e  s i l k i n g  s t a g e .  Each d a t a  p o i n t  r e p r e s e n t s  t h e  
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Fig. 17. Relationships between RM and TDM (•), ear yield (x), ear-to-TDM ratio (o), and % DM (■£) of 
9 c o m  hybrids grown at four locations.
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T a b le  2 2 .  A n a l y s i s  o f  v a r i a n c e  f o r  TDM, s t o v e r  y i e l d ,  
e a r  y i e l d ,  ea r - to -T D M  r a t i o ,  and  $  DM o f  9 c o r n  h y b r i d s  
grown a t  f o u r  l o c a t i o n s .
S o u rc e d f
Mean s q u a r e s
TDM
y i e l d
S t o v e r
y i e l d
E a r
y i e l d
E a r - t o -
TDM r a t i o  $  DM
Rep/Loc 8 4 . 8 3 .8 1 . 2 1 4 .1 2 2 .7
Loc,  L 3 2 2 8 .0 * * 4 6 .0 * * 8 9 . 6** 4 1 4 .9 * * 6 3 3 . 8**
H y b r i d ,  H 8 2 4 .5 * * 4 2 . 8 * * 5 .9 * 523 .6 * * 1 2 8 .5 * *
L x H 24 9 . 6 * 3 .9 * * 2 . 7 * 4 7 .3 * * 1 8 .5 * *
E r r o r 64 4 . 8 1 . 7 1 . 6 2 1 .0 4 . 6
*, ** S i g n i f i c a n t  a t  t h e  5 and  1% l e v e l s ,  r e s p e c t i v e l y .
t h e  m os t  s o u t h e r n  a r e a  ( F i g u r e  1 ) .  At  t h e  two n o r t h e r n  
s i t e s ,  t h e  y i e l d  o f  TDM was n o t  a f f e c t e d  by t h e  m a t u r i t y  o f  
h y b r i d s .  However,  e a r  y i e l d ,  ea r - to -T D M  r a t i o ,  and  $  DM 
d e c r e a s e d  w i t h  d e l a y e d  m a t u r i t y  o f  t h e  h y b r i d s .  A t  t h e s e  
n o r t h e r n  s i t e s ,  $  DM o f  a l m o s t  a l l  h y b r i d s  was l o w e r  t h a n  
t h e  optimum v a l u e  o f  33$  i n  s p i t e  o f  t h e  r e l a t i v e l y  l a t e  
h a r v e s t  o f  O c to b e r  5*
I n  G r a f to n  c o u n t y ,  y i e l d  o f  TDM i n c r e a s e d  w i th  
d e l a y e d  m a t u r i t y  o f  t h e  h y b r i d s  b u t  no d i f f e r e n c e  o c c u r r e d  
i n  e a r  y i e l d  among h y b r i d s .  Ear- to-TDM r a t i o  d e c r e a s e d  
w i t h  d e l a y e d  m a t u r i t y  o f  h y b r i d s .  P e r c e n t  DM was n o t  
r e l a t e d  t o  m a t u r i t y  o f  h y b r i d s  b u t  v a l u e s  h i g h e r  t h a n  30$  
o c c u r r e d  w i t h  a l l  h y b r i d s .
I n  C h e s h i r e  c o u n t y ,  TDM and e a r  y i e l d  were  n o t  
r e l a t e d  t o  t h e  RM o f  h y b r i d s .  However, t h e  ear - to -TD M  
r a t i o  and $  DM d e c r e a s e d  w i t h  d e l a y e d  m a t u r i t y  o f  h y b r i d s .  
The h a r v e s t  was made on S e p te m b e r  23 (one  week e a r l i e r  t h a n  
i n  G r a f t o n  c o u n t y )  and  l a t e  h y b r i d s ,  e s p e c i a l l y  Old Fox 
1 1 0 5 , d i d  n o t  show f u l l  g ro w th .
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DISCUSSION
Emergence o f  S e e d l i n g s
At  t h e  l o w e s t  g r e e n h o u s e  t e m p e r a t u r e  o f  1 5 /1 0  C, 
t h e  p e r c e n t  em ergence  o f  m os t  h y b r i d s  was low an d  d i f f e r ­
e n c e s  were  o b s e r v e d  among h y b r i d s  i n  b o t h  em ergence  and  
s u b s e q u e n t  growth} no s i m i l a r  d i f f e r e n c e s  o c c u r r e d  a t  
2 0 /1 5  a nd 2 6 /2 1  C. T h i s  d i f f e r e n t i a l  r e s p o n s e  o f  h y b r i d s  
i n  em ergence  t o  d i f f e r e n t  t e m p e r a t u r e s  u n d e r  c o n t r o l l e d  
c o n d i t i o n s  was p r e v i o u s l y  r e p o r t e d  by  Cal and  Obendorf  
( 1 9 7 2 ) .
Emergence u n d e r  t h e  f i e l d  c o n d i t i o n s  was more r a p i d  
t h a n  u n d e r  t h e  g r e e n h o u s e  c o n d i t i o n s ,  even  th o u g h  t h e  a v e r a g e  
t e m p e r a t u r e  was l o w e r .  P e r c e n t  s t a n d  o f  a l l  h y b r i d s  was 
h i g h e r  t h a n  85$ i n  t h e  f i e l d  e x c e p t  f o r  t h e  Ju n e  2 p l a n t ­
i n g  ( T a b l e s  9 a nd  1 5 ) when s o i l  m o i s t u r e  was low  ( F i g u r e  5)* 
No d i f f e r e n c e s  i n  p e r c e n t  s t a n d  o c c u r r e d  among h y b r i d s  even  
i n  t h e  v e r y  e a r l y  p l a n t i n g  o f  A p r i l  21 e x c e p t  f o r  t h r e e  
h y b r i d s  whose p e r c e n t  em ergence  was a l s o  low a t  a l l  t e m p e r ­
a t u r e  t r e a t m e n t s  i n  t h e  g r e e n h o u s e .  S o i l  t e m p e r a t u r e  
d u r i n g  t h e  em ergence  p e r i o d  f o l l o w i n g  t h e  p l a n t i n g  o f  A p r i l  
21 a v e r a g e d  1 0 .3  C (T a b le  7)* However,  u n l i k e  t h e  c o n t r o l l ­
ed g r e e n h o u s e  c o n d i t i o n s  o f  1 5 /1 0  C, a  much h i g h e r  maximum 
day t e m p e r a t u r e  a s  w e l l  a s  p r o g r e s s i v e l y  h i g h e r  d a i l y  
t e m p e r a t u r e s  o c c u r r e d  f o l l o w i n g  p l a n t i n g  ( F i g u r e  2 ) .  Such 
t e m p e r a t u r e  d i f f e r e n c e s  i n  t h e  f i e l d  a r e  p r o b a b l y  s i g n i f i ­
c a n t  i n  im p r o v in g  b o t h  g e r m i n a t i o n  a n d  s u b s e q u e n t  g ro w th .
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Under f i e l d  c o n d i t i o n s ,  a v e r a g e  mean s o i l  t e m p e r ­
a t u r e s  d u r i n g  t h e  emergence  p e r i o d  were  c l o s e l y  r e l a t e d  t o  
d a y s  f rom  p l a n t i n g  t o  e m e rg e n c e ;  "y  = l / (  3*°  -  8 2 5 . 7 / x ) " ,  
where  "y" i s  d a y s  from p l a n t i n g  t o  em ergence  a n d  "x" i s  t h e  
a v e r a g e  s o i l  t e m p e r a t u r e  i n  d e g r e e s  K e l v i n .  L i n d s t r o m  
e t  a l .  ( 1 9 7 6 ) a l s o  found  a  s i m i l a r  r e l a t i o n s h i p  i n  w h e a t .
E a r l y  Growth
Under t h e  low t e m p e r a t u r e s  o f  t h e  A p r i l  21 p l a n t i n g ,  
two o f  t h e  v e r y  e a r l y  h y b r i d s  grew b e s t  a s  e v i d e n c e d  by 
t h e i r  h i g h e r  d r y  w e ig h t  30 d a y s  a f t e r  em ergence  ( T a b l e  1 6 ) .  
However,  a s  t e m p e r a t u r e  c o n d i t i o n s  became more f a v o r a b l e  
f o r  c o m  g r o w th ,  a s  i n  t h e  May 19 p l a n t i n g ,  p l a n t  d r y  
w e i g h t  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  m a t u r i t y  o f  
h y b r i d s  ( F i g u r e  1 1 ) .  A s i m i l a r  r e l a t i o n s h i p  was o b s e r v e d  
i n  t h e  June  2 p l a n t i n g  i n  t h e  f i e l d  ( T a b l e  10)  and  a t  tem­
p e r a t u r e s  o f  1 5 / 1 0  and 2 0 / 1 5  C i n  t h e  g r e e n h o u s e .  O th e r  
work h a s  shown a n  i n v e r s e  r e l a t i o n s h i p  b e tw ee n  t h e  r a t e  
o f  e a r l y  g ro w th  and h e a t  u n i t  r e q u i r e m e n t  o f  h y b r i d s  a s  
a n  i n d e x  o f  m a t u r i t y  a t  10 a nd  16 C. I n  c o n t r a s t ,  a t  n e a r  
optimum g r e e n h o u s e  t e m p e r a t u r e s  o f  2 6 /2 1  C, t h e  d r y  w e i g h t  
o f  a n  e a r l y  a n d  a  l a t e  h y b r i d  was e s s e n t i a l l y  t h e  same 
f o u r  weeks a f t e r  t e m p e r a t u r e  t r e a t m e n t s  (T a b le  6 ) ,
I n  t h e  f i e l d ,  p h o t o s y n t h e t i c  a c t i v i t y  m e a s u r e d  30 
d a y s  a f t e r  em ergence  f rom t h e  A p r i l  21 p l a n t i n g  was n o t  
r e l a t e d  t o  t h e  d r y  m a t t e r  a c c u m u l a t e d  ( r  = 0 . 2 7 4 ) .  Such 
r e s u l t s  a r e  n o t  s u r p r i s i n g ,  s i n c e  i t  h a s  b e e n  fo u n d  t h a t
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g r o w th  i s  n o t  w e l l  c o r r e l a t e d  w i t h  u n i t  a r e a  r a t e s  o f  p h o t o ­
s y n t h e s i s  ( H e i c h e l  and M usg rav e ,  1 9 6 9 ) .
The u l t r a s t r u c t u r e  o f  c h l o r o p l a s t s  d i f f e r e d  “be tw een  
two h y b r i d s  grown a t  low a i r  t e m p e r a t u r e s .  C h l o r o p l a s t s  a t  
1 5 / 1 0  C i n  t h e  e a r l y  h y b r i d ,  C o r n e l l  110,  were n o r m a l .
A t  t h e  same t e m p e r a t u r e s ,  c h l o r o p l a s t s  o f  t h e  l a t e  h y b r i d ,  
Agway 590X, showed u l t r a s t r u c t u r a l  c h a n g e s :  r e d u c e d  number 
o f  g r a n a l  s t a c k s  and s t r o m a l  l a m e l l a e ,  s w e l l i n g  o f  p e r i ­
p h e r a l  r e t i c u l u m ,  a l t e r a t i o n  o f  c h l o r o p l a s t  s h a p e .  Some 
s i m i l a r  u l t r a s t r u c t u r a l  c h a n g e s  were n o t e d  i n  sorghum 
( T a y l o r  and C r a i g ,  1 9 7 1 ) .  The o c c u r r e n c e  o f  r u d i m e n t a r y  
g r a n a  i n  t h e  b u n d l e  s h e a t h  c e l l  c h l o r o p l a s t s  and  d i s ­
c o n n e c t e d  l a m e l l a e  i n  b o t h  m e s o p h y l l  a n d  b u n d le  s h e a t h  
c e l l  c h l o r o p l a s t s  may i n f l u e n c e  p h o t o s y n t h e s i s  a l t h o u g h  no 
l i t e r a t u r e  s u p p o r t  c u r r e n t l y  e x i s t s .
The d i f f e r e n t i a l  r e d u c t i o n  i n  p h o t o s y n t h e s i s  o f  
t h e  two h y b r i d s  a t  15 /1 0  C compared t o  2 0 / 1 5  C may be 
r e l a t e d  t o  t h e  a l t e r a t i o n  o f  c h l o r o p l a s t  s t r u c t u r e  a n d / o r  
enzyme a c t i v i t y .  At 2 0 / 1 5  C, p h o t o s y n t h e s i s  o f  Agway 590X 
was h i g h e r  t h a n  t h a t  o f  C o r n e l l  1 1 0 j 2 5 .1  v s  1 ^ . 5  nig 
C 0 2 /d m ^ /h r .  However, a t  1 5 / 1 0  C, no s i g n i f i c a n t  d i f f e r e n c e s  
o c c u r r e d  i n  p h o t o s y n t h e s i s  b e tw ee n  Agway 590X and  C o r n e l l  
110} 8 , 9  v s  1 1 .5 *  When t h e  p e r c e n t  r e d u c t i o n  o f  p h o t o ­
s y n t h e s i s  o f  e a c h  h y b r i d  i s  c o n s i d e r e d ,  a t  1 5 /1 0  C, t h e  
p h o t o s y n t h e s i s  o f  Agway 590X and C o r n e l l  110 was 35*5 and  
79*3%  o f  t h a t  a t  20 /1 5  C, r e s p e c t i v e l y .  T h e r e f o r e ,  t h e  
r e d u c e d  number o f  g ran a  s t a c k s  and s t r o m a  l a m e l l a e ,  and
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some d i s c o n n e c t e d  l a m e l l a e  i n  Agway 590X may a f f e c t  th e  
f u n c t i o n  o f  c h l o r o p l a s t s  t o  f i x  COg and t r a n s l o c a t e  a s s im ­
i l a t e s .
I n  t h e  f i e l d ,  a i r  t e m p e r a t u r e  i n  May i s  f r e q u e n t l y  
lo w e r  t h a n  10 C, m a i n l y  a t  n i g h t .  Under b o t h  low tem p er ­
a t u r e  a n d  l i g h t  i n t e n s i t y ,  c h a n g e s  i n  c h l o r o p l a s t  u l t r a ­
s t r u c t u r e  and c h l o r o p h y l l  p h o t o d e s t r u c t i o n  may n o t  o c c u r  
( T a y l o r  and C r a i g ,  1971* M acW il l iam  and N a y l o r ,  1 9 6 7 ).  
However,  s y n t h e s i s  o f  c h l o r o p h y l l  may be r e t a r d e d  by low 
t e m p e r a t u r e  ( R o b e r t s ,  1 9 6 9 ) ,  A l th o u g h  a l t e r a t i o n  o f  c h l o r o ­
p l a s t  u l t r a s t r u c t u r e  and p h o t o d e s t r u c t i o n  o f  c h l o r o p h y l l  
may o c c u r  u n d e r  h i g h  l i g h t  i n t e n s i t y  and low t e m p e r a t u r e  on 
c e r t a i n  d a y s ,  a  r a p i d  r e c o v e r y  f rom  t h i s  low t e m p e r a t u r e  
s t r e s s  w i l l  o c c u r  u n d e r  f a v o r a b l e  c o n d i t i o n s  ( K l e i n s ,  i 9 6 0 ) .  
B ecause  o f  t h i s  r e c o v e r y  m e c h an ism ,  a  l a t e  h y b r i d  l i k e  
Agway 590X can s t i l l  be p l a n t e d  e a r l y  i n  s p i t e  o f  an 
a l t e r a t i o n  o f  c h l o r o p l a s t  s t r u c t u r e  and  r e d u c e d  p h o to s y n ­
t h e s i s  u n d e r  low t e m p e r a t u r e  s t r e s s  c o n d i t i o n s  w h ic h  may 
r e s u l t  i n  p o o r e r  e a r l y  g ro w th  compared  t o  o t h e r  more 
a d a p t e d  h y b r i d s .
E f f e c t  o f  H yb r id  on Y i e l d s
The a s s o c i a t i o n  o f  h i g h  s t o v e r  y i e l d  w i t h  d e la y e d  
m a t u r i t y  o f  h y b r i d s  ( F i g u r e  1 5 )  a g r e e s  w i t h  t h e  r e s u l t s  o f  
Hanway and  R u s s e l l  ( 1 9 6 7 ).
With e a r  y i e l d ,  a  s i g n i f i c a n t  i n t e r a c t i o n  o c c u r r e d  
b e tw ee n  h y b r i d s  a n d  l o c a t i o n s  ( T a b l e  2 2 ) .  I n  n o r t h e r n  N.H.,  
a  d e c r e a s i n g  e a r  y i e l d  w i th  d e l a y e d  m a t u r i t y  o f  h y b r i d s
6?
( F i g u r e  17) i s  l i k e l y  r e l a t e d  t o  a  s low er  r a t e  o f  growth 
u n d e r  c o o l  t e m p e r a t u r e  c o n d i t i o n s  and a  s h o r t e r  p e r i o d  o f  
t im e  f rom  s i l k i n g  t o  h a r v e s t  o f  t h e  l a t e -  c o m p a re d  to  
e a r l y - m a t u r i n g  h y b r i d s .  However ,  i n  c e n t r a l  a n d  s o u th e rn  
N .H . ,  no s i g n i f i c a n t  r e l a t i o n s h i p  o c cu r red  b e t w e e n  m a t u r i t y  
an d  e a r  y i e l d s  o f  h y b r i d s  ( F i g u r e s  12 and 1 7 )*  Hanway a n d  
R u s s e l l  (1969) a l s o  found no d i f f e r e n c e s  i n  e a r  y i e l d  among 
h y b r i d s  of  v a r y i n g  m a t u r i t y  i n  I o w a .
In  n o r t h e r n  a r e a s  where  t h e  t e m p e r a t u r e  d e c r e a s e s  
r a p i d l y  i n  t h e  f a l l ,  e a r l y  s i l k i n g  of th e  a d a p t e d  h y b r i d s  
r e s u l t s  i n  h i g h e r  e a r  y i e l d  w i t h  s m a l l e r  LAI o r  p l a n t  s i z e .  
I n  s o u t h e r n  a r e a s  where th e  g r o w i n g  season  i s  r e l a t i v e l y  
l o n g ,  t h e  l a t e  h y b r i d s  which h a v e  a  l a r g e  LAI ( F ig u r e  16)  
o u t y i e l d  the  e a r l y  h y b r i d s .  I n  t h i s  c o n t e x t ,  i f  t h e s e  same 
h y b r i d s  a re  p l a n t e d  i n  an a r e a  w h e re  the  g r o w i n g  season  i s  
l o n g  enough f o r  m a t u r i t y  of  t h e  l a t e s t  h y b r i d s ,  e a r  y i e l d  
w o u ld  l i k e l y  c l o s e l y  r e l a t e  w i t h  m a t u r i t y  o f  t h e  h y b r id s  
a l t h o u g h  no e x p e r i m e n t a l  d a t a  a r e  a v a i l a b l e .  Under t h e s e  
c o n d i t i o n s ,  e a r l y  h y b r id s  would  m a tu re  b e f o r e  t h e  f i r s t  
f r o s t ,  whi le  l a t e  h y b r id s  w o u ld  u t i l i z e  t h e  e n t i r e  g ro w in g  
s e a s o n  w ith  t h e i r  g r e a t e r  y i e l d  p o t e n t i a l .  I n  f a c t ,  S t i v e r s  
e t  a l .  (1971) f o u n d  t h a t  " f u l l  s e a s o n  h y b r i d s "  g e n e r a l l y  
p r o d u c e d  h i g h e r  y i e l d s  of  g r a i n  compared t o  e i t h e r  e a r l y  o r  
l a t e  h y b r i d s .
T o ta l  d r y  m a t t e r  y i e l d s  w ere  a l s o  s i g n i f i c a n t l y  
i n f l u e n c e d  by h y b r i d s  and l o c a t i o n s  (Table  2 2 )  b u t  r e s p o n d e d  
d i f f e r e n t l y  f r o m  e a r  y i e l d  ( F i g u r e s  12 and 1 7 ) .  In  n o r t h e r n
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N .H . ,  y i e l d  o f  TDM was n o t  r e l a t e d  t o  m a t u r i t y  o f  h y b r i d s ,  
w h i l e  i n  c e n t r a l  and  s o u t h e r n  N .H . ,  TDM i n c r e a s e d  w i t h  
d e l a y e d  m a t u r i t y  o f  h y b r i d s .  As w i th  e a r  y i e l d ,  i f  t h e  
same h y b r i d s  a r e  p l a n t e d  i n  c o o l  n o r t h e r n  a r e a s ,  TDM may 
d e c r e a s e  w i t h  d e l a y e d  m a t u r i t y  o f  h y b r i d s .
I n  C h e s h i r e  c o u n t y ,  p l a n t  r e s p o n s e  w i t h  t h e  same 
h y b r i d s  d i f f e r e d  f ro m  r e s u l t s  o f  c e n t r a l  a nd  s o u t h e r n  N .H . ,  
and  i s  n o t  f u l l y  u n d e r s t o o d .  A l th o u g h  t h e  a n n u a l  a c c u m u la ­
t i o n  o f  GDD i n  C h e s h i r e  c o u n ty  i s  h i g h e r  t h a n  i n  Durham 
( F i g u r e  1 ) ,  t h e  l a s t  s p r i n g  f r o s t  f o r  C h e s h i r e  c o u n ty  i s  
a b o u t  one week l a t e r  a n d  t h e  f i r s t  f a l l  f r o s t  i s  a b o u t  one 
week e a r l i e r  t h a n  f o r  H anover  o r  Durham ( A p p e n d ix ) .  Conse­
q u e n t l y ,  t h e  l a t e  h y b r i d s  may n o t  f u l l y  d e v e l o p .  E v id e n c e  
o f  t h i s  i s  s e e n  i n  t h e  y i e l d  o f  t h e  l a t e s t  h y b r i d ,  Old Fox 
1 1 0 5 * w h ic h  was s i g n i f i c a n t l y  l o w e r  t h a n  t h e  n e x t  m a t u r i n g  
h y b r i d  ( F i g u r e  1 7 ) .
The ea r - to -T D M  r a t i o  a n d  % DM d e c r e a s e d  w i t h  
d e l a y e d  m a t u r i t y  i n  a l l  l o c a t i o n s  e x c e p t  f o r  fo DM i n  c e n t r a l  
N.H. ( F i g u r e s  12 and  17)* B r u e t s c h  and E s t e s  (1976)  a l s o  
u se d  ?o DM a s  an  i n d e x  o f  m a t u r i t y  o f  s i l a g e  c o m  h y b r i d s .
E f f e c t  o f  P l a n t i n g  D a te  on Y i e l d
E a r l y  p l a n t i n g  r e s u l t e d  i n  s i g n i f i c a n t l y  h i g h e r  e a r  
y i e l d ,  ea r - to -T D M  r a t i o ,  and  fo DM ( T a b l e s  1 2 ,  19 ,  2 0 ,  and
21)  e x c e p t  e a r  y i e l d  i n  E x p e r im e n t  I  ( T a b l e  1 ) .  A l th o u g h  
a  l o w e r  LAI o c c u r r e d  i n  t h e  e a r l y  p l a n t i n g  (T a b le  9)»  
im proved  t e m p e r a t u r e s  and  l o n g e r  day l e n g t h  d u r i n g  t h e
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g r a i n  f o r m a t i o n  p e r i o d  may h a v e  p r o d u c e d  t h e  o b s e r v e d  h i g h e r  
g r a i n  y i e l d  f rom  t h i s  A p r i l  21 p l a n t i n g  compared  t o  t h e  
May 19 p l a n t i n g .  S i m i l a r  r e s u l t s  were  fo u n d  f ro m  d i f f e r ­
e n t  p l a n t i n g  d a t e s  i n  Iowa ( P e n d l e t o n  and  E g l i ,  1 9 6 9 ) .  I f  
p l a n t e d  e a r l y ,  t h e  e x t e n d e d  l e n g t h  o f  t h e  g r a i n  f o r m a t i o n  
p e r i o d  h a s  s p e c i a l  v a l u e  f o r  t h e  l a t e  h y b r i d s  w h ic h  would  
o t h e r w i s e  be im m ature  a t  h a r v e s t  w i t h  a  n o r m a l  p l a n t i n g  
d a t e  (T a b le  13)* T h e r e f o r e ,  t e m p e r a t u r e  d u r i n g  t h e  g r a i n  
f o r m a t i o n  p e r i o d  (Duncan e t  a l . ,  1 9 6 6 ) and  l e n g t h  o f  g r a i n  
f o r m a t i o n  p e r i o d  a s  w e l l  a s  LAI (E ik  and  Hanway, 1 9 6 6 ) a r e  
c l o s e l y  r e l a t e d  t o  t h e  g r a i n  y i e l d .
S i g n i f i c a n t  d i f f e r e n c e s  i n  TDM y i e l d  o c c u r r e d  b e ­
tw e e n  p l a n t i n g s  when a l l  h y b r i d s  were  a v e r a g e d  ( T a b l e s  12 
and  1 8 ) .  However, t h e  i n c r e a s e d  $  DM and  ea r - to -T D M  r a t i o  
o f  a n  e a r l y  p l a n t i n g  make i t  f e a s i b l e  t o  grow l a t e  h y b r i d s  
and  a c h i e v e  h i g h e r  y i e l d s  o f  m a t u r e  c o m .  P e r c e n t  DM 
w a r r a n t s  s p e c i a l  c o n s i d e r a t i o n  s i n c e  i t  i s  t h e  most  r e l i ­
a b l e  i n d e x  o f  m a t u r i t y  f o r  s i l a g e  c o m  (D aynard  and H u n t e r ,  
1975)* The $  DM o f  Agway 590X was 2 8 . 3 $  when p l a n t e d  on 
t h e  n o rm a l  p l a n t i n g  d a t e  (May 1 9 ) ,  b u t  when p l a n t e d  e a r l i ­
e r  ( A p r i l  21)  $  DM was o p t i m i z e d  t o  33*6$ by t h e  t im e  o f  
h a r v e s t  (T a b le  2 0 ) .  E s t i m a t e d  y i e l d  p o t e n t i a l  o f  Agway 
590X and Asgrow RX-35A c a l c u l a t e d  f rom t h e  e q u a t i o n  o f  
F i g u r e  12 was 17*7 and  15*5 m e t r i c  t o n s / h a ,  r e s p e c t i v e l y .  
T hus ,  i f  Agway 590X  i s  p l a n t e d  e a r l y ,  i t  may p r o d u c e  a b o u t  
14$  more y i e l d  compared t o  Asgrow RX-35A i n  t h e  n o rm a l  
p l a n t i n g  w i t h  s i m i l a r  $  DM o r  s i l a g e  q u a l i t y .  A s i m i l a r
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a p p r o a c h  c o u l d  be a p p l i e d  t o  d a t a  f ro m  G r a f to n  c o u n ty  
where  y i e l d  r e s p o n s e s  w i t h  m a t u r i t y  o f  h y b r i d s  a r e  q u i t e  
s i m i l a r  t o  t h o s e  o b s e r v e d  a t  t h e  U n iv .  o f  New Hampshire  
Agronomy R e s e a r c h  Farm, Madbury,  N.H. C o n v e r s e l y ,  i n  
n o r t h e r n  N.H. l a t e  h y b r i d s  may p r o d u c e  t h e  same TDM as  
e a r l y  h y b r i d s  b u t  do n o t  m a tu re  o r  d e v e l o p  a d e q u a t e  q u a l i t y  
f o r  e n s i l a g e  due  t o  s low  e a r l y  g ro w th  and  t h e  s h o r t  g ro w in g  
s e a s o n  ( F i g u r e  1 7 ) .  I n  t h i s  n o r t h e r n  a r e a ,  e a r l y  p l a n t i n g  
o f  s h o r t - s e a s o n  h y b r i d s  w i l l  n o t  a f f e c t  TDM y i e l d s  b u t  w i l l  
i n c r e a s e  % DM f o r  im proved  s i l a g e  q u a l i t y .  When p l a n t e d  
on t h e  n o rm a l  d a t e  i n  t h i s  a r e a ,  a l l  h y b r i d s  w ere  h a r v e s t e d  
w i t h  l e s s  t h a n  30^ DM o f  e n t i r e  p l a n t s .
P l a n t  P o p u l a t i o n
The l a c k  o f  d i f f e r e n c e s  i n  TDM b e tw een  p l a n t  p o p u l a ­
t i o n s  ( 6 2 ,7 0 0  v s  79*700 s e e d s / h a )  i n  t h i s  r e s e a r c h  i n d i c a t e s  
t h a t  p l a n t  p o p u l a t i o n  may n o t  be a  m a j o r  c o n s i d e r a t i o n  i n  
e a r l y  p l a n t i n g s  o f  s i l a g e  c o m .  A w ide  ra n g e  o f  optimum 
p l a n t  p o p u l a t i o n s  f o r  s i l a g e  c o m  h y b r i d s  a p p e a r s  t o  e x i s t .  
O th e r  w o r k e r s  r e p o r t e d  t h a t  t h e  optimum p l a n t  p o p u l a t i o n  
f o r  s i l a g e  c o m  was f rom  6 9 * 0 0 0 -9 8 ,0 0 0  p l a n t s / h a  d e p e n d in g  
on e x p e r i m e n t s  (H icks  a n d  S t u c k e r ,  1972;  R u t g e r  and Crowder ,  
1967;  S t i v e r s  e t  a l . ,  1971 ;  Cummins and  Dobson, 1973)*
D e t e r m i n a t i o n  o f  P l a n t i n g  Date
When c o m  i s  p l a n t e d  s e v e r a l  days  b e f o r e  th e  l a s t  
a v e r a g e  f r o s t  d a t e  i n  s p r i n g ,  i t  t a k e s  a b o u t  11 days  f o r  
em ergence  ( T a b l e  7)* T h u s ,  i f  c o m  i s  p l a n t e d  7 -10  d ay s  
b e f o r e  t h e  l a s t  f r o s t  d a t e ,  i t  w i l l  emerge a b o u t  1 -4  d a y s
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a f t e r  t h e  a v e r a g e  l a s t  f r o s t  d a te *  I n  t h i s  r e s e a r c h ,  t h e
e a r l i e s t  p l a n t i n g  o f  A p r i l  21 was made 27 days  b e f o r e  th e
l a s t  f r o s t  d a t e  o f  May 18,  b u t  no s p e c i f i c  p r o b le m s  were 
o b s e r v e d !  no f r o s t  o c c u r r e d  a f t e r  A p r i l  21 i n  19 ? 6 .
The e a r l i e s t  p o s s i b l e  p l a n t i n g  d a t e s  w i t h o u t  a p p r e ­
c i a b l e  r i s k  o f  f r o s t  i n  B e r l i n ,  H a n o ver ,  Durham, a n d  Keene 
would  be May 1^ ,  May 9 , May 8 , and  May 13* r e s p e c t i v e l y ,
b a s e d  on t h e  d a t a  o f  K o lega  a n d  P a lm e r  ( 1 9 6 3 ) .  S i n c e  t h e
t e m p e r a t u r e  u s u a l l y  i n c r e a s e s  r a p i d l y  a f t e r  t h i s  l a s t  
s p r i n g  f r o s t  d a t e  ( A p p e n d ix ) ,  s e e d l i n g  g row th  w i l l  b e n e f i t  
f rom  t h e  e a r l y  p l a n t i n g .  W hile  p l a n t i n g  e a r l i e r  t h a n  th e  
above  d a t e s  may be p o s s i b l e  due t o  t h e  y e a r l y  v a r i a t i o n  i n  
c l i m a t e ,  l i m i t e d  b e n e f i t s  w i l l  l i k e l y  o c c u r  due t o  low 
t e m p e r a t u r e s .
72
BIBLIOGRAPHY
A l d r i c h ,  S. R . , W. 0. S c o t t ,  and E. R. Leng. 1975* Modern 
c o r n  p r o d u c t i o n  (2nd e d . ) .  A & L P u b . ,  Champaign, 111.
A l e s s i ,  J . , and  J .  F. Power .  1971* C o m  emergence i n  r e l a ­
t i o n  t o  s o i l  t e m p e r a t u r e  and  s e e d i n g  d e p th .  A gron .
J .  63*717-719 .
________________________________ . 1975* Response  o f  an  e a r l y -
m a t u r i n g  c o m  h y b r i d  to  p l a n t i n g  d a t e  and  p o p u l a t i o n  
i n  t h e  N o r t h e r n  P l a i n s .  Agron.  J .  6 7 : 762- 7 6 5 .
Anonymous. 1970* L ea f  a n g l e  of  c o m  p l a n t  may a f f e c t  y i e l d .  
Crops and S o i l s .  Decem ber t2^ .
A m o n ,  D. I .  1949. Copper  enzyme i n  i s o l a t e d  c h l o r o p l a s t s .  
P o l y p h e n o lo x i d a s e  i n  Beta  v u l g a r i s . P l a n t  P h y s i o l .  
2 4 : 1 - 1 5 .
A r n t z e n ,  C. J . , and J e a n - M a r i e  B r i a n t a i s .  1975* C h l o r o ­
p l a s t  s t r u c t u r e  and  f u n c t i o n .  I n  Govindjee  ( e d . )  B io ­
e n e r g e t i c s  o f  p h o t o s y n t h e s i s .  Academic P r e s s ,  New 
York.
B a r t l e t t ,  M. S. 1937* P r o p e r t i e s  o f  s u f f i c i e n c y  and  s t a ­
t i s t i c a l  t e s t .  P r o c .  Roy, S oc .  l 6 0 A : 2 6 8 - 2 8 2 .
B e n o i t ,  G. R . , A. L. H a t f i e l d ,  and J .  L. Rag land .  1965.
The growth  and y i e l d  of c o m .  I I I .  S o i l  m o i s t u r e  and 
t e m p e r a t u r e  e f f e c t s .  Agron. J .  65*223-226.
Bouyoucos ,  G. J .  1951- A r e c a l i b r a t i o n  o f  t h e  h y d r o m e t e r  
method f o r  m ak ing  m e c h a n ic a l  a n a l y s i s  o f  s o i l s .
Agron.  J .  4 3 * 4 3 4 -4 3 8 ,
B r u e t s c h ,  T. F . ,  and G. 0 .  E s t e s .  1 9 7 6 .  Genotype v a r i a ­
t i o n  i n  n u t r i e n t  u p ta k e  e f f i c i e n c y  in  c o m .  Agron .
J .  6 8 *521 - 5 2 3 .
B r y a n t ,  H. T . ,  and  R. E. B l a s e r .  1 9 6 8 . P l a n t  c o n s t i t u e n t s  
o f  an  e a r l y  and a  l a t e  c o m  h y b r i d  a s  a f f e c t e d  by row 
s p a c i n g  and p l a n t  p o p u l a t i o n .  Agron .  J .  60*557-559*
Buck, G. R . , W. G. M e r r u l l ,  C. E. Coppock,  and S. T. S l a c k .  
1 9 6 9 . E f f e c t  o f  r e c u t t i n g  and  p l a n t  m a t u r i t y  on
k e r n e l  p a s s a g e  and  f e e d i n g  v a l u e  o f  c o m  s i l a g e .  J .
D a i ry  S c i .  52 * l 6 l 7 .
B u n t in g ,  E. S . ,  and L. A, W i l l e y .  1957* The em ergence  o f  
m aize  from f i e l d  sowing i n  G r e a t  B r i t a i n .  I .  The 
e f f e c t  o f  d a t e  o f  sowing on t h e  e x t e n t  and s p e e d  o f
73
e m e rg e n c e  o f  d i f f e r e n t  v a r i e t i e s .  J .  A g r i .  S c i .  48* 
447-456 .
B yers ,  J .  H. , and 12. E. O rm is to n .  1 9 6 4 .  Feed ing  v a l u e  of 
m a t u r e  c o m  s i l a g e .  J .  Dairy  S c i .  47*70?.
C a l ,  J .  P . ,  and  R. L. O b e n d o r f .  1972. D i f f e r e n t i a l  growth 
o f  c o r n  ( Zea mays L.  ) h y b r i d s  s e e d e d  a t  c o l d  r o o t  
zone t e m p e r a t u r e s .  Crop S c i .  1 2 : 5 7 2 - 5 7 5 .
C a ld w e l l ,  D. M. , and T, W. P e r r y .  1 9 7 1 .  R e l a t i o n s h i p s
b e tw e e n  s t a g e  o f  m a t u r i t y  of t h e  c o m  p l a n t  a t  t ime 
o f  h a r v e s t  f o r  c o m  s i l a g e  and c h e m i c a l  c o m p o s i t i o n .
J .  D a i r y  S c i .  5 4 : 5 3 3 - 5 3 6 .
C o l v i l l e ,  W. 1 . ,  A. D r e i e r ,  D. P. M c G i l l ,  P. G r a b o u s k i ,  and 
P. E h l e r s .  1964. I n f l u e n c e  o f  p l a n t  p o p u l a t i o n ,  
h y b r i d ,  and " p r o d u c t i v i t y  l e v e l "  o n  i r r i g a t e d  c o m  
p r o d u c t i o n .  A gro n .  J .  56*332-335*
Coppock, C. E. 1969 . P r o b l e m s  a s s o c i a t e d  w i th  a l l  c o m
s i l a g e  f e e d i n g .  J .  D a i r y  S c i .  5 2 * 8 4 8 -8 5 8 .
C ro ss ,  H. A . ,  and K. S.  Z u b e r .  1972. P r e d i c t i o n  o f  f l o w e r ­
i n g  d a t e s  i n  m a ize  b a s e d  on d i f f e r e n t  methods o f  
e s t i m a t i n g  t h e r m a l  u n i t s .  Agron .  J .  64*351-355*
Cummins, D. G. 1970. Q u a l i t y  and y i e l d  o f  co rn  p l a n t s  and
c o m p on en t  p a r t s  when h a r v e s t e d  f o r  s i l a g e  a t  d i f f e r e n t  
m a t u r i t y  s t a g e s .  A g r o n .  J .  6 2 * 7 8 1 - 7 8 4 .
_________________ , and W. L.  Dobson,  J r .  1973* C o m  f o r  s i ­
l a g e  a s  i n f l u e n c e d  b y  h y b r id  m a t u r i t y ,  row s p a c i n g ,  
p l a n t  p o p u l a t i o n ,  a n d  c l i m a t e .  A g r o n .  J .  65*2 4 0-2 43 .
Daynard,  T. B. 1972. R e l a t i o n s h i p s  am o ng  b la c k  l a y e r
f o r m a t i o n ,  g r a i n  m o i s t u r e  p e r c e n t a g e ,  and h e a t  u n i t  
a c c u m u l a t i o n  i n  c o m .  Agron. J .  64*716-719*
 , and R. B. H u n t e r .  1975* R e l a t i o n s h i p s
among w h o l e - p l a n t  m o i s t u r e ,  g r a i n  m o i s t u r e ,  d r y  m a t t e r  
y i e l d ,  and q u a l i t y  o f  w h o l e - p l a n t  c o m  s i l a g e .  Can.
J .  P l a n t  S c i .  5 5 * 7 7 - 8 4 .
 ,  , and J .  B. S to n e .  1 9 7 4 .
Dry m a t t e r  c o n t e n t ,  y i e l d ,  and d i g e s t i b i l i t y  o f  
w h o l e - p l a n t  c o m  s i l a g e .  J .  D a i r y  S c i .  57*617*
Duncan, W. G . , A. L. H a t f i e l d ,  and J .  L .  Ragland.  1965*
The g ro w th  and y i e l d  o f  c o m .  I I .  D a i ly  g r o w t h  of  
c o m  k e r n e l s .  A g r o n .  J .  5 7 * 2 2 1 -2 2 2 .
74
E ik ,  K a l j u ,  and  J .  J .  Hanway. 1966 . L e a f  a r e a  i n  r e l a ­
t i o n  to  y i e l d  of c o m  g r a i n .  A g r o n .  J .  5 8 : 1 6 - 1 8 .
G i e s b r e c h t ,  J o h n .  1969 . E f f e c t  of p o p u l a t i o n  and  row
s p a c i n g  on t h e  p e r f o r m a n c e  of f o u r  c o rn  ( Zea mays L. ) 
h y b r i d s .  Agron.  J .  6 1 :4 3 9 - 4 4 1 .
G i lm o re ,  E, C . ,  J r . ,  and J ,  S .  R ogers .  1958. Heat  u n i t s  
a s  a  method o f  m e a s u r i n g  m a t u r i t y  i n  c o m .  Agron.
J .  5 0 ; 6 l l - 6 l 5 .
Gordon, C. H, , J ,  G, D e r b y s h i r e ,  and P .  J .  van  S o e s t .  I 9 6 8 . 
Normal an d  l a t e  h a r v e s t i n g  of c o r n  f o r  s i l a g e .  J .
D a i r y  S c i .  51*1258-1264 .
Gracen,  V. E . , J r . ,  J .  H. H i l l i a r d ,  R. H. Brown, and S. H.
W est .  1 9 7 2 .  P e r i p h e r a l  r e t i c u l u m  i n  c h l o r o p l a s t s  of  
p l a n t s  d i f f e r i n g  i n  CO? f i x a t i o n  p a th w ay s  and p h o t o ­
r e s p i r a t i o n .  P l a n t a  1 0 7 : 1 8 9 - 2 0 4 .
H a l l a u e r ,  A. R . , and  W. A. R u s s e l l .  1 9 6 2 .  E s t i m a t e s  o f  
m a t u r i t y  a n d  i t s  i n h e r i t a n c e  i n  m a i z e .  Crop S c i .  
2 : 2 8 9 - 2 9 4 .
Hanway, J .  J . ,  a n d  W. A. R u s s e l l .  1 9 6 9 . D r y - m a t t e r  a c c u ­
m u l a t i o n  i n  corn  ( Zea mays L . ) p l a n t s :  Com parisons  
among s i n g l e - c r o s s  h y b r i d s .  A g r o n .  J .  61 :947-951*
Heath ,  0 .  V. 3 .  1 9 6 9 * The p h y s i o l o g i c a l  a s p e c t s  of p h o t o ­
s y n t h e s i s .  S t a n f o r d  U n iv .  P r e s s .  S t a n f o r d ,  Ca.
H e i c h e l ,  G. H, , a n d  R. B. Musgrave .  1 9 6 9 . V a r i e t a l  d i f ­
f e r e n c e s  i n  n e t  p h o t o s y n t h e s i s  o f  Zea mays L, Crop 
S c i .  9 * 4 8 3 -4 8 6 .
H ic k s ,  D. R , ,  R, H. P e t e r s o n ,  W. E. L u e s c h e n ,  a n d  J .  H.
F o r d .  1 9 7 6 .  Seed g r a d e  e f f e c t  on  c o rn  p e r f o r m a n c e .  
Agron .  J .  6 8 :8 1 9 -8 2 0 .
H i l l s o n ,  M. T . ,  a n d  1. H. P e n n y .  1965* Dry m a t t e r  a c c u ­
m u l a t i o n  a n d  m o is tu r e  l o s s  d u r i n g  m a t u r a t i o n  of c o r n  
g r a i n .  A g r o n .  J .  57*150-153*
Hoglund,  C. R. 1975* S i l a g e  e c o n o m ic s .  I n  2nd  i n t e r n a ­
t i o n a l  s i l a g e  c o n f e r e n c e .  100 y e a r s  o f  s i l a g e  r e ­
s e a r c h  c e n t e n n i a l  o f  t h e  e x p e r i m e n t a l  s t a t i o n  (1 8 75 -  
1975)* N a t .  S i l o  A s s o c .  I n c . ,  C e d a r  F a l l s ,  Iowa.
Huber, J .  T . , H. C. Graf, a n d  R. W. E n g e l .  1965* E f f e c t  
o f  m a t u r i t y  on n u t r i t i v e  va lue  o f  co rn  s i l a g e  f o r  
l a c t a t i n g  cows. J .  D a i r y  S c i ,  4 8 : 1 1 2 1 - 1 1 2 3 .
75
I n c o l l ,  L. D . ,  and  W. H. W r ig h t .  1959* A f i e l d  t e c h n i q u e  
f o r  m e a s u r i n g  p h o t o s y n t h e s i s  u s i n g  1 4 - c a r b o n  d i o x i d e .  
Conn. A g r i .  Exp.  Stn. S p e c .  Bui .  S o i l s  XXX/100.
J a c k s o n ,  M. L. 1 9 5 8 .  So i l  c h e m i c a l  a n a l y s i s .  P r e n t i c e -  
H a l l ,  I n c . ,  N . J .
K i r c h a n s k i ,  S . J .  1975- The u l t r a s t r u c t u r e  d e v e lo p m e n t
o f  t h e  d i m o r p h i c  p l a s t i d s  o f  Zea mays L. Am. J .  B o t .  
6 2 :6 9 5 - 7 0 5 .
K l e i n ,  Shimon, i 9 6 0 . The e f f e c t  of low t e m p e r a t u r e  on 
th e  d e v e l o p m e n t  of the  l a m e l l a e  s y s t e m  i n  c h l o r o ­
p l a s t s .  J .  Biophys. B iochem. C y t o l .  8 : 5 2 9 - 5 3 8 .
K o le g a ,  J .  J , , and  R. S. P a l m e r .  196 1 . T e m p e r a tu r e  g u id e  
f o r  New E n g la n d ,  N,H. A g r i c .  Exp.  S t n .  T ech .  B u i .
1 0 5 .
L e o n a r d ,  W. H . ,  a n d  J .  H. M a r t i n .  1 9 6 3 . C e r e a l  c r o p s .  
MacM illan  C o . ,  New York, N.Y.
L in d s t r o m ,  M. J . , R. I .  P a p e n d ic k ,  and F. E . K o e h l e r .  1976 .  
A model  t o  p r e d i c t  w i n t e r  wheat em ergence  a s  a f f e c t e d  
by s o i l  t e m p e r a t u r e ,  w a t e r  p o t e n t i a l ,  and  d e p t h  o f  
p l a n t i n g .  Agron.  J.  6 8 :1 3 7 - 1 4 1 .
L u t z ,  J .  A . ,  J r . ,  a nd  G, D. J o n e s .  1 9 6 9 . E f f e c t  o f  c o r n  
h y b r i d s ,  row spacing ,  a n d  p l a n t  p o p u l a t i o n  on t h e  
y i e l d  o f  c o m  s i l a g e .  A g ro n .  J .  6 1 : 9 4 2 - 9 4 5 .
MacLean, A. J .  , a n d  L. S, Donovan .  1973-  E f f e c t  o f  s o i l  
t e m p e r a t u r e  on ea r ly  g r o w t h  of s i x  s i n g l e - c r o s s  c o m  
h y b r i d s .  Can.  J .  S o i l  S c i .  53* 12 8 -1 2 9 .
Marx, G. D. 1 9 6 9 . H a r v e s t i n g  f e e d i n g  e a r l y -  and  l a t e -  
c u t  c o m  s i l a g e  to l a c t a t i n g  d a i r y  cows. J .  D a i r y  
S c i ,  5 2 :9 3 5 -
McWill iam, J .  R. , and  A. W. N a y l o r .  196? -  T e m p e r a tu r e  and  
p l a n t  a d a p t a t i o n .  I .  I n t e r a c t i o n  o f  t e m p e r a t u r e  and 
l i g h t  i n  t h e  sy n th e s i s  o f  c h l o r o p h y l l  i n  c o r n .  P l a n t  
P h y s i o l .  42:1711-1715-
M e d e r s k i ,  H. J .  , M. E. M i l l e r ,  and C. R. W eaver .  1973- 
A c cu m u la ted  h e a t  u n i t s  f o r  c l a s s i f y i n g  c o m  h y b r i d  
m a t u r i t y .  Agron. J .  6 5 : 743 - 7 4 7 .
M o l in e ,  W. J .  1975-  Com a n d  o t h e r  a n n u a l s  f o r  s i l a g e .
I n  2nd i n t e r n a t i o n a l  s i l a g e  c o n f e r e n c e .  100 y e a r s  o f  
s i l a g e  r e s e a r c h  c e n t e n n i a l  of t h e  e x p e r i m e n t a l  s t a ­
t i o n  (1 8 7 5 -1 9 7 5 ) -  Na-t. S i l o  A s s o c .  I n c . ,  C ed a r  F a l l s ,  
Iowa.
76
M o r r i s o n ,  F. B. 1973 .  Feeds  and  f e e d i n g  ( 9 t h  e d . ) .
M o r r i s o n  Pub. C o . ,  C la re m o n t ,  O n t a r i o .
N o l l e r ,  C. H. 1973* G ra ss - le g u m e  s i l a g e .  I n  M. E.
H ea th  e t  a l .  ( 3 r d  e d . ) .  F o r a g e s ,  p . 558-569* The 
Iowa S t a t e  Univ .  P r e s s .  Ames, Iowa.
O lse n ,  S .  R . ,  and L. A. Dean. 1965 .  P h o s p h o r u s .  I n  C. A. 
B lack  e t  a l .  ( e d .  ) Methods o f  s o i l  a n a l y s i s .  P a r t  2. 
Chem ica l  and  m i c r o b i o l o g i c a l  p r o p e r t i e s .  Am. Soc.  
Agron.  Madison,  Wise .
P a o l i l l o ,  D, J . , J r .  1970 .  The t h r e e - d i m e n s i o n a l  a r r a n g e ­
ment o f  i n t e r g r a n a l  l a m e l l a e  i n  c h l o r o p l a s t s .  J .  C e l l  
S c i .  6 :24-3-255.
P e a s l e e ,  D. E . ,  J .  L, R ag lan d ,  and  W. G. Duncan.  1971* 
G ra in  f i l l i n g  p e r i o d  o f  c o m  a s  i n f l u e n c e d  by 
p h o s p h o r u s ,  p o t a s s i u m ,  and  t im e  o f  p l a n t i n g .  Agron.
J .  6 3 :5 6 1 -5 6 3 .
P e n d l e t o n ,  J ,  W., and D. B. E g l i ,  1969* P o t e n t i a l  y i e l d  
o f  c o m  a s  a f f e c t e d  by p l a n t i n g  d a t e .  A gron .  J .  6 l :  
7 0 -7 1 .
___________________ , G. E. Sm ith ,  S. R. W in t e r ,  and T. J .
J o h n s t o n .  1 9 6 8 , F i e l d  i n v e s t i g a t i o n s  o f  t h e  r e l a ­
t i o n s h i p s  o f  l e a f  a n g l e  i n  c o r n  (Zea mays L . ) t o  
g r a i n  y i e l d  and  a p p a r e n t  p h o t o s y n t h e s i s .  Agron,  J .  
60:4-22-4-24-.
R a g land ,  J .  L . , A. L. H a t f i e l d ,  and  G. R. B e n o i t .  1 9 6 6 . 
P h o t o p e r i o d  e f f e c t s  on t h e  e a r  components  o f  c o m ,
Zea mays L. Agron .  J .  5 8 :4 5 5 - 4 5 6 .
Rench, W. E . ,  and R. H. Shaw. 1971.  Black  l a y e r  d e v e l o p ­
ment i n  c o r n .  Agron .  J .  6 3 :3 0 3 “ 3°5>
R o b e r t s ,  K. L. 1969.  An u l t r a s t r u c t u r a l  and p h y s i o l o g i c a l  
s t u d y  o f  low t e m p e r a t u r e  in d u c e d  c h l o r o s i s  i n  Zea 
mays c v .  P i o n e e r  309 B, An MS t h e s i s ,  Duke U n i v . ,  NC.
R u t g e r ,  J .  N. 1 9 6 9 . R e l a t i o n s h i p  o f  c o m  s i l a g e  y i e l d s  to
m a t u r i t y .  Agron.  J .  6 1 : 6 8 - 7 0 .
______________ , and L. V, Crowder .  1967• E f f e c t  o f  h i g h
p l a n t  d e n s i t y  on s i l a g e  and  g r a i n  y i e l d s  o f  s i x  c o m  
h y b r i d s .  Crop S c i .  7:182-184-,
Shaw, R. H , ,  and  H, C, S.  Thom. 1951* On t h e  p h e n o lo g y  o f  
f i e l d  c o m ,  s i l k i n g  t o  m a t u r i t y .  Agron.  J .  4 3 : 5 4 1 -  
5^7 .
77
S t i n s o n ,  H, T . , J r . ,  and  D. N. Moss. i 9 6 0 . Some e f f e c t s
o f  sha d e  upon c o m  h y b r i d s  t o l e r a n t  a n d  i n t o l e r a n t  o f  
d e n s e  p l a n t i n g ,  A gron .  J .  52 s4 8 2 -4 8 4 .
S t i v e r s ,  R. K . ,  D, R. G r i f f i t h ,  and  E, P. C h r i s t m a s .  1971 .  
C o m  p e r f o r m a n c e  i n  r e l a t i o n  t o  row s p a c i n g s ,  p o p u l a ­
t i o n ,  and  h y b r i d s  on f i v e  s o i l s  i n  I n d i a n a ,  A gron .
J .  6 3 {580-582 .
T a y l o r ,  A. 0 . ,  and  A. S.  C r a i g ,  1 97 1 .  P l a n t s  u n d e r
c l i m a t i c  s t r e s s .  I I .  Low t e m p e r a t u r e ,  h i g h  l i g h t  
e f f e c t s  on c h l o r o p l a s t  u l t r a s t r u c t u r e .  P l a n t  P h y s i o l .
47i719-725.
________________, and  J .  A. Rowley. 1971 .  P l a n t s  u n d e r
c l i m a t i c  s t r e s s .  I .  Low t e m p e r a t u r e ,  h i g h  l i g h t  
e f f e c t s  on p h o t o s y n t h e s i s .  P l a n t  P h y s i o l .  4 7 * 71 3 -  
718.
Termunde,  D. E . , D. B. Shank,  and  V. A. D r i k s .  1 9 6 3 .
E f f e c t  o f  p o p u l a t i o n  l e v e l s  on y i e l d  and  m a t u r i t y  o f  
m a ize  h y b r i d s  grown on t h e  n o r t h e r n  G r e a t  P l a i n s .  
A g ro n .  J .  5 5 *551-555 .
U3DA. 1973 and 1975* Crop p r o d u c t i o n  1973 and 1975
a n n u a l  summary. Crop R e p o r t i n g  B o a rd ,  S t a t i s t i c a l  
. R e p o r t i n g  S e r v i c e ,  USDA, W ash in g to n  D.C.
78
APPENDIX
Growing d e g re e  d a y s  (C) w eek ly  sum m ar ies  i n  f o u r  l o c a t i o n s  
i n  New H am pshire  (K o ieg a  and  P a lm e r ,  1 9 6 1 ) .
P e r i o d B e r l i n H anover Durham Keene
A p r i l  26 _ Kay 2 6 .2 1 0 .7 1 0 .6 1 1 .7
Kay 3 - May 9 1 2 .6 1 7 .5 1 9 .3 2 0 . 1
Kay 10 - May 16 1 1 .9 1 6 .6 1 7 .9 1 9 .8
Kay 1? - May 23 1 8 .2 2 5 .O 2 6 .7 2 8 . 6
Kay 2 A - May 30 3 0 .5 35-7 3 7 .9 3 8 .5
Kay 31 - June  6 3 5 .3 4 3 .2 4 5 .9 4 5 .2
June  7 June 13 4 0 . 4 4 9 .8 51-9 5 2 .0
June  14 - June  20 4 6 .2 5 6 .5 5 6 .5 5 7 . 7
June  21 - June 27 5 3 .4 6 4 .6 6 7 .7 6 7 .2
June  28 - J u l y  4 5 9 . 5 6 9 .4 7 4 .1 7 0 .5
J u l y  5 - J u l y  11 6 4 .9 7 5 .6 7 9 .1 7 6 .9
J u l y  12 - J u l y  18 6 3 .5 7 4 .4 7 9 .1 7 6 . 3
J u l y  19 - J u l y  25 6 7 .6 77-1 8 1 .3 7 9 . 7
J u l y  26 - Aug. 1 6 6 .1 7 7 .3 81.  A 8 0 . 3
Aug. 2 - Aug. 8 5 7 .7 6 9 .3 7 4 .5 7 1 .1
Aug. 9 - Aug. 15 6 0 .5 7 2 .3 7 6 .9 7 4 .5
Aug. 17 - Aug. 22 5 4 .8 6 5 .4 7 0 .5 6 7 .0
Aug. 23 - Aug. 29 4 9 . 5 6 0 .3 6 6 ,2 6 1 .3
Aug. 30 S e p t .  5 4 4 .8 5 7 .3 6 2 .1 5 9 .6
S e p t .  6 - S e p t .  12 3 2 .7 4 5 .0 5 0 .3 4 7 . 5
S e p t .  13 - S e p t ,  19 2 7 .6 3 8 .8 4 3 .8 4 1 . 7
S e p t .  20 - S e p t .  26 2 1 .8 2 8 .1 3 4 .9 3 1 .7
S e p t .  27 - Oct.  3 1 3 .1 1 7 .9 2 4 .5 2 2 .0
T o t a l 9 3 8 .8  1 , 1 3 7 . 1  1 , 2 3 3 . 1  1 , 2 0 0 .6
L a s t  s p r i n g  f r o s t 5 /2 4 5 /1 9 5 /1 8 5 / 2 3
F i r s t  f a l l f r o s t 9 /1 4 9 /2 6 9 /2 6 9 / 2 0
Growing d e g re e  d a y s 855 1 ,0 7 4 l , l 6 l 1 ,0 6 7
d u r i n g  t h e f r o s t
f r e e  p e r i o d
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